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NEW BOOKS OF SCIENTIFIC INTEREST 


The Fundamentals of Learning. Epwarp L. 
THORNDIKE. x+638 pp. Teachers College, Colum- 
bia University. 

This volume concerns itself with the fundamental 
facts of learning, whereby a situation which first 
evokes response A later evokes response B, different 


from A The author is director of the Institute of 





Educational Research at Columbia University. 





Structure of the Vertebrates. Matcotm E. 
LIvTLE. xiv+392 pp. Illustrated. $3.00. Ray 
Long and Richard R. Smith, Incorporated. 


This text considers the systematic relationships of 
the groups of vertebrates, the comparative develop 
ment of their organic systems and their evolution and 
geographical distribution. It is designed for use in a 
half-year course in comparative anatomy. 


Recent Advances in Microscopy. Edited by A. 
Piney. vii+260 pp. Illustrated. $3.50.  P. 


Blakiston’s Son and Company. 


The authors have presented a picture of the present 
state of the science of microscopy, its rapid progress 
and its limitations in biological investigation. It 
emphasizes the value of the results obtained in the 
various fields of biology through the use of a micro- 


scope. 


Fuzzy and His Neighbors. José F. NONIDEz. 
xxxiii+ 139 pp. Illustrated. $1.50. The Century 
Company. 

This book is the true story of Fuzzy, a chipmunk, 
which was a pet of the author at his summer home. 
It also tells of the other small animals who disputed 


Fuzzy’s claim to rule over the garden. 





Culture and Education “in "America. HAROLD 
Rue. xx+404 pp. $1.65. Harcourt, Brace and 


Company. 

The book suggests the cue concepts needed to guide 
the study of the potential American, and the erection 
of true school-centered communities. The author is 
professor of education at Teachers College of Colum- 
bia University. 

Beasts of the Tar Pits. W.W. Ropinson. 46 pp. 
Illustrated. $1.75. The Macmillan Company. 

The story and pictures of beasts that roamed over 
our continent thousands of years ago, and a descrip- 
tion of the tar pits which lured these creatures to their 
death and in which depths their bones have been dis 


covered. 





The Earth and Mankind. FrReperick L. BRANNON 
and HELEN M. GANEY. vi+313 pp. 235 figures. 
Illustrated. William H. Sadler, Incorporated. 

A text-book for the study of geography written in 
the language of upper-grade children. It aims to show 
the interdependence of all countries, showing how 
closely they are bound together by trade and com 


merce. 


Orchard and Small Fruit Culture. | 
and H. B. KNApp. Second Edition. 
278 figures. $5.00. John Wiley and § 


In this book the authors attempt 
problems of the orchard and small fru 
from the view-point of the man who exp 
living from this enterprise. This volu 
primarily for use in agricultural colleges 





Evolution Yesterday and Today. Ho 
ETT NEWMAN. x+171 pp. $1.00. The VW 
Wilkins Company. 

The author initiated conversations 
strangers to ascertain what “the aver 
wishes to know about evolution The |! 
upon eight points of inquiry touched uy 
every person so encountered 
The Soviet Worker. JoserH FrREEM: 
pp. $2.50. Liveright Incorporated 





The writer offers an analysis of th 
Soviet economy and the nature and ac! 
the Soviet planning system, dealing al 
with the work and life of the emp! 


Russia. 





Inventions and Discoveries of Anci 
Wituiam L. Nipa. 256 pp. Illustr 
Albert Whitman and Company. 


This book, intended for fourth and 
pupils, tells of the discoveries and 
Egypt, Crete, Phoenicia, Greece and Rom: 
a description of the old Roman circus fro 
present Olympic games have developed 








Education through Recreation. L 
ix+155 pp. Illustrated. $1.50. H 
Brothers. 


This book contains the substance of 
cently delivered by the author in sixty 
United States under the auspices of the N 
reation Association. The author describes 
cational forms of recreation. 





Astronomy for Young Folks. Isazen I 


vised Edition. xiv + 337 pp. Illustrat 
Duffield and Green. 


This text, intended primarily for beg 
been revised to accord with the latest kn 
the heavens. It includes new materia! 
pendix on solar eclipses, especially in rez 
total eclipse of August 31, 1932 





The Costs of Medicines. C. Rurus R 
Rosert P. FIscHEuis. xiii+250 pp. $2 
versity of Chicago Press. 


A report of the comparison of the pur 
costs of medicines prescribed by physicians 
bought as “Home remedies.” The authors | 
problem of strengthening governmental 


and control of the drug industry. 














THE SCIENTIFIC MONTHLY 


OCTOBER, 1932 


HEREDITY AND ENVIRONMENT—AS ILLUS- 
TRATED BY TRANSPLANT STUDIES 


By Dr. H. M. HALL 


In the announcement of this address 
title 
and Environment’’; but 
field 


main has been set down as 
Heredity 


m the side of taxonomy I ask your 


have myself entered the 


rmission to begin with this topic and 
er having outlined the aims of taxon- 


and its relation to studies in 


ution, to present some results of 


xperiments on effects of heredity and 
vironment, which two factors le at 


very basis of all evolutionary and 


nomic studies. 


~ 


THe Piace or TAXONOMY 
laxonomy, in the biological sense, is 
classification of animals and plants 
ording to their natural relationships 
| deals also with the laws and prin 


ples of such classification Classifica 


n itself may be based entirely upon 
semblance or upon any other conve 


+ 


set of criteria and so may be en 
v artificial. 
The earliest phase of biological sci 
e, so far as we are able now to deter 

was the outcome of early man’s 
mpt to elassify according to simi 
We find, for example, 


works of 


ties and uses. 
a classification in the 


pared for the lecture series « Carnegie 


tion of Washington Due to ness of 
ite Dr. Hall, it was delivered on Decem 
1931, by Dr. Walter T. Swingle, Bureau 


int Industry, U. S. Department of Agr 
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these mot . itura by 
tf organisms were 1 product f re 5 - 
onary processes and that eacl at the bee) , , _ 

d. therefore, a definite although and the im ¥ of é alii 
s indefinable blood r« itionship 1 at 1 other extre) ' ieee 
ther, 1t naturally f owed that no af 

my took its place as one of the Panta 
valuable tools for the st 


must not, howeve1 se sight of Tl eonelus . f 4 — 
‘ts that evolution still is a theory, largel f) ohservatio) ea 
iny classification based upon This ane comparis 


must be of necessity speculative are reached subjectivel ‘| 


s nature and that it will a proxi an ever-increasing 2 rey} 
the truth only in proportion to thi due hieeti , 

of established facts upon which — the testing of criteria used as a basis 
sts. But the vital point here is classification. T! 

there be anything at all to or of statistical met — methods 


evolution, then taxonomy is dea serum diagnosis and f hy emit? 


h the products of evolution and Genetics and « , 
this that gives to taxonomy both its ized for a different purpose, supply 
st mission and its greatest respon controvertible facts as to 1 nature 
ty plant characters 
the planning of any thorough in But this evening | hav 
eration the first step is to make a_ of calling to vour attent a quite d 


vey of the field and to organize the ferent method for testine the eriteria 


stock of facts already at hand It taxonomy This we refer 1 ecommol 
this survey which taxonomists ars as the transplant method, althoug! 
king and which they offer to the stu must warn vou that it is not to be « 
of evolution; it is an enumeration fused with transplant experiments d 


} 


fe arranged vised for very different purposes 


the countless forms of . 
rding to natural relationships, so The object of the experiments 1 
as these can be determined from be deseribed is not to demonstrate 
vailable evidence. evolution of one hereditary form fron 
But a still more important duty falls another and muel ess the orion { ne 
the taxonomist. Ile, more than any species from another; although it is co 
else, should be intimately informed — ceivable that out of them may con 
the distribution and the arrange dence bearing up these mportal 
in nature of the products ot evo questions of heredity and 
n—the families, genera, species and They are designed, instead, to furnis 
lally the subdivisions of species definite evidence as to the nature of cer 
henee should be expected to corre tain plant characters and the \ 
the findings of both speculative and these as eriteria in plant class 
rimental evolutionists with the re 
ts of his own field investigations No PRANSPLA? 
ry of evolution or of origin of spe TAXONOMY) 
ean be finally accepted until it ex From this experimenta - 
s the origin of the many Ttorms ol plant characters, however, there com: 
is they exist in a natural state. results of interest in fields 


hus taxonomy may be said to stand taxonom\ These various issues may be 
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grouped under three general heads 
which I shall now briefly enumerate, 
with some hint as to methods, and then 
pass to illustrations of the results ob 
tained and incidentally bring out more 
clearly some of the methods used in ar 
riving at these results 

As the first outcome of present trans 
plant experiments may be mentioned 
the ability to distinguish between those 
variations which are not heritable and 
those which are—.e., between those tem 
porary modifications that result from 
the immediate environmental impact 
and those other features so fixed by 
heredity that they can not be changed 
by the environment; or again, between 
phenotypes on the one hand and geno 


tvpes on the other. 
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other hand, the differences p 
the standard environment, 
known to be of a genotyple 1 
hence of evolutionary significar 

The second group of returns 
from the transplant experiment 
plies information as to the 
which the habitat may modif 
characters without necessarily a 
the genotypie constitution. This 
edge is of prime importance | 
taxonomy and ecology and is | 
tained by moving an individua 
into as many different habitats 
sible (Fig. 1 

This is easily accomplished w 
ennials subjeet to vegetative d 
for these divisions may be grow! 


taneously at the seashore, in 


MONTARA MATHER T.L MONO 
4/0 4500’ ane a 
STANFORD ate 0,000 6,00 
sae 
v 
vy 
v 
Fic. 1] PROFILE OF THE AREA IN WHICH TRANSPLANT STATIONS ARE LOCATED WI 


INDICATED IN FEET ABOVE SEA-LEVEL. FROM LEFT TO RIGHT: PACIFIC OCEAN; MON 


TION ; CENTRAL LABORATORY AND GARDENS AT STANFORD UNIVERSITY; BREAK IN 


THE WIDE SAN JOAQUIN VALLEY; MATHER STATION IN THE SIERRA NEVADA; 


rHE SIERRA AT 12,500 FEET; TIMBERLINE STATION (T. L.); AND THE MONO STATIOD 
ARID GREAT BASIN. 


For this determination the practice is 
to select individual plants of the same 
species, or of closely related species, but 
which differ in those features which it is 
desired to test. These individuals are 
then moved from their diverse habitats 
into a standard environment, where they 
are held for some years, under control 
and under elose observation. If, then, 
the differences vanish, the two forms are 
shown to be but temporary environ 
mental modifications; but if, on the 


valleys, at various altitudes in thi 

tains, in sun and in shade, in moist 
in dry soil, and, in faet, the or 
individual may thus be subjected 
great a variety of environments as 
facilities will permit. In pract 

only restriction is avoidance of 

tions to which plants are not sub 
in nature, for teratological effect 
here to be avoided. The results a1 
studied by taking photographs 
specimens from all the divisions 
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FIG. 2. MODIFICATIONS IN THE HABIT OF HAPLOPAPPUS VENETUS 


ESE INDIVIDUALS ARE NOW GROWING TOGETHER IN E GARDEN ] 





ON THE LEFT WAS DF« MBENT, THE PLANT ON 


NOW BECOME AS ERECT AS THI \ 


mparing these between themselves and each organism, as we see it, is the resu 


a specimen of the original, pre of or balance between these two oppos 
served as a control. ing forces This vision 


With information at hand as to the as a balance is most for 


eritable nature of the characters of any upon one engaged in transplant expe! 
plant and also as to the extent to which ments 
environment may modify these char The third result of these experiments 
ters in the individual, it is seen very is a better knowledge of the composit 
plainly that each organism is the r of species and genera. The assemb 
sultant of two important forces, namely of natural variations necessitates nu 
eredity and environment In facet, detailed field exploration 
n 
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RIG. 4 MODIFICATION ON A SINGLE SHOOT OF ZAUSCHNERIA 


0 ARROW \ S RESEMBLI PrOs OF ORK \ FO \ Lo) oar. <A oO 
| PROD ¢ ) E I AN AS GROW 4 COASTA - oO { _ OAD 
PRO » AF " ANSPLAN NG O DR 4 4 MA - A “4 4 | Oo 


sultant information as to number of of these results and from data 
forms involved, their ecologic relations from geographic distribution 


and their geographic distribution at the derived a knowledge of the 


present time The assembling of these genetic units constituting spe 
variations into standard environments’ genera 
at one or more of the transplant stations The general result from exp 
encourages one to make direet compari and field studies thus far mad 
sons between them after they have been fornia has emphasized tl 
stripped of all differences brought about within many species there is 
by the immedia fect of their former larger number of heritable \ 
habitats In this manner there is ob renoty pes, ecotvpes, races, et 
tained definite information as torelative has been assumed and that tl 
leneth of steps between the forms. This  fieation of these can not be satis! 
information can not be gained by other made by current methods of 
means of investigation On the other hand, it is found 
[In summarizing to this point, it may vironment plays a large-part in} 
be said that experiments have been di the organism within the limits 
vised and put into operation whiel hereditary factors Althoug! 
lead to a better understanding of plant dence has been found to prove 


characters and forms, especially throug! vironmental forces may induce 
the means they furnish, first, of dis nent (genotypic) change, there 
tinguishing between effects of heredity reason to exclude this as a 
and environment and for recognizing  faetor in evolution 

the balance between these two fore 

and, second, for determination of th [ILLUSTRATIONS OF THE M1 


extent to which environment ma} As examples directly app! 


modify heritable features. Through use classification, there may now be 
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s of experiments Which helped 1 vation Was 
the taxonomic status of cel ‘coastal Torn 
s of Haplopappus, a wenus variation. S 


sitae which | mvysell had ti ive bee! D! t 1 = 


monograph before this ex vironment 
] + 
evidence was availabl (dry maintan 
se experiments illustrates also 1 eters. (five 1 , 
heredity in holding plant chat tection of dift ‘ 


n bounds: while the othe wked "i results . 
s the importance of envi at least into subs : 


making modifications with Quite different . 


reditarv boundaries forms of TH (ie . | ‘ 


subject of the first experimet : mmonly and ty] 
j MWS SOUATTOSUS Wi el nas 1h SOLIS \ \ ~ 
s. One nomenclatorily typlea cumbent or neal st 
rar erows only near the sea different 
ris an inland form and miucl technically named is (i1s1 
ommon In my monograph the decumbens b 
s were noted from herbarium This decumben 
| studies, but taxonomic sew the experiment 
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FIG. 6 
AT 4,500 FEET AND AT 9,000 FEET. INFLORESCEN 
ARE MOVED UP THE MOUNTAINS. ALI 


as strictly erect as that of the common 
form growing beside it in the cultures 
Thus these simple though time-con- 
suming experiments lead to definite con 
to the of the char 
question and leave no doubt 
treatment of the 


clusions as nature 
in 
the 
forms involved. 
Now order 
methods for 
tainty between hereditary and environ 


acters 


to taxonomic 


as 


further to illustrate 


distinguishing 


in 
with cer 


mental forms, we come to a most inter 
esting as well as beautiful genus of 
western American plants. Even the 


name holds our interest, although it can 
be to be beautiful, for the 
venus is Zauschneria, a member of the 
evening primrose family, named in 1831 
of the botanist, 


not said 


in honor Bohemian 


Zausehner. 


AR 
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POTENTILLA GRACILIS 


E AND LEAVES DECREASE IN 


PARTS OF THE SAME ORIGINA PLAN 


In our investigations to date 
} 


these hereditary types have beet 
covered and many times this 1 
may be expected from future ex) 
tion. All these 134 types hav 
transplanted to a testing gard 


Stanford University, and ther 


a common environment, each is 


to retain its peculiar characteristi: 


If the most unlike forms ar 
pared the differences are so creat 
lead one to look upon them as dis 


species; but when all are arranged 
single series the Steps separating 
from its neighbors are so slight that 
impossible to assign them to dif 
groups. In this case heredity sets 
narrow limits so that changes in t! 
vironment have little effect. 


The influence of the habitat in 1 
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characters 1s also illustrated as to whether n 


“ ne dt 
schneria. Some botanists have the environment may b me here ! 
that as many as 22 species in time. But thus s | 
; be made in the genus, while’ been induced by environn 
nore conservative, | ave proposed tions which have ti ppearance tf } 
is the correct number If three coming hereditary 
pted, these would be latifolia, Potentilla rupestris is anothe 
ad leaves, californica, with spread species whos pres itives 
if intermediate width, and micro the western Unit States have be 
in which the leaves are very subjected to transplant experimentat 
W But these differences may be for several years From the 
»environment and not to heredity, dred and sixty or so members of this 
ants with moderately wide leaves Linnean ‘‘species’” tha ive been as 
fornica have been moved into sembled for study, at ast SIxt 
shaded gardens where they pro- genetically distinct forms have b 
ed leaves so wide that the plants detected 
iid thereafter be classed as latifolia, Another member of this genus, P 
similar modifications have been in tila gracilis, may be used t s 
din other forms the methods employed in) maki 
The investigations in Zauschnera have eciprocal transplants A plant iS 
been designed to give a conelusive moved from 9.000 feet down 1 1500 
ver to the very debatable question feet in the Sierra Nevad This did 





806-0 
(1928) 
FIG. 7 POTENTILLA BREWERI 
NG INCREASE IN NUMBER OF LEAFLETS AND OF SIONS | 
AGE ONES TAKEN FROM THE PLANT ITS ORIGINA A AT o I ’ 
WO LEAVES AT RIGHT ARE AVERAGE ONES TA N FRO \ s ( 
CED THE ONES AT LEFT, BUT AFTER IT AD I RANSPLA 
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change the number ol leaflets or of adel and denta 1OnS ren l 


tations, but it did greatly increase the 


number of flowers and consequently 


KF jo ‘ 
As 


this was not due merely to bett 


seeds and of 
That 


conditions in the 


fspring, as shown in 


earden was shown by: 
the results in the reciprocal transpia 
An individual of the same 


1500 feet 


species orig 
nally growing at 
to the exact habitat of the former at 
9.000 feet. The effects of this 


on the parts was to decrease the number 


was moved 


chang 


of flowers. while the number of leaflets 


Kig. 6 

In anothe species Pote 
rwwever, it Was possibl to n 
number of leaflets by moving 


from %.000 TfTeet 1 


Some of the most interestu 


ave been obtained with the 


California 


tarweeds. These 
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subtribe Vad hile I Tie where T \ i\ ~ 


When grown side by sid ment of eivilization . 


nsplant station These s \\ een Too DBD SVi1 
liversity in size, method I the natiy vegetatiol x 
and general appearanes for browsing 

Ing grown under identica subdivision int , te 
matic Conditions That thes himsell with thes 


mone our attractive wild flow tractive corners . 


in be no doubt, and perhaps It is remat 


stion has arisen in your minds West it is almost 
these homely weeds were si biologist to find undist 
the experiments This was his investigations 
pecause they are so abundant in organisms in Ww ‘ thy rns 


n where we happen to be Ik exist in their origina nalition \\ 


;' 
irtiy because thev can easily be one attempts to trae ey 

from seed, partis because they every econnectine vai 4 . 2 
] < | . 4 

plain and useless that man has utmost. sienificane . 


ed the breeds in an attempt to necessary, even wit thes 
them; but most of a t was select groups where thi nes 


se some of the species grow only been broken, and 1 ften thes 


ine soil and around salt marshes found only in sp S 


” tooth 





ENHOUSE WITH TARWEEDS AT THE CENTRAL STATION OF HE DIVISION 
OF PLANT BIOLOGY, CARNEGIE INSTITUTION OF WASHINGTON 
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wastes or in those which by chance may 
be present in such desolate places as the 
old 


to judge from man’s present progress in 


neglected cemeteries; and, if one is 
the desecration of nature, the biologist 
of the future will be fortunate indeed if 
he be permitted access even to the alkali 
flat and the cemetery. 

As an example of the modification on 


the native vegetation caused by man, 
attention may here be called to one 
group of tarweeds (IHemizonia villosa 


and its relatives), which formerly occu- 
pied arable soils of the California val 
leys, as evidenced by specimens pre 
served in herbaria and by a few plants 
still 


But some of the variations represented 


living in out-of-the-way corners. 


in the collections of early botanieal ex 
plorers are no longer to be found, and 


doubtless many others no longer exis- 


A CORNER OF THE TRANSPLANT GARDENS IN THE SIERRA NEVADA AT MA 
ELEVATION 4,500 FEET. 


rn , OST Iw pride 
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tent overlooked by thos 
botanists. After 20 
has been decided that 


were 
vears ol 
the rap 
great to justify even a 


specu 
construction of evolutionary 


is possible that by eenetic “al 


the remaining forms and thi 
up of new combinations throu 
ing, some clue might be had as 


lines, but the results would for: 
the 
from 
graphie distribution 


confirmation which can cor 


researches in taxonomy 


STEPS IN THE EVOLUTIONA 


PROCESSES 
We the 


sults flowing from the experimy 


turn to consideratio 


vestigation of taxonomic ul 
happens that the example no 


given clearly illustrates also 


~ 























HEREDITY AND 
sclence of preservation of nat 
itions lt concerns a species 
ynia Which has persisted in, wi 
its natural forms. It is Hem 
niculata, a species not hithert 

d of having variations of evolu 

value. There are such varia 

wever Although few they are 

to indicate very concisely 

ire taken to be steps of varying 

s in the formation of species. <A 

virtue of this case is that the dif 

es may be expressed in numbers, 

e facts, if not the conclusion may 

fore be determined in an entirely 
tive manner 

coupling experiment with field 

st s on this tarweed we gain a vision 

species in the making or at least of 

lifferent degrees of separation be 


n related forms within the species 


he situation is shown in the map of 
coastal district of California ig 
8 One is at once struck with discon 
tinuity in distribution. Over the con 
siderable area from above Santa Bar 
ara to Riverside, not a single plant of 

S species can be found, so that there 
is a definite barrier between plants of 
north and those of the south. This 


distribution is correlated with differ 


ences 1n morphologic characters The 

rthern plants are the more robust and 

gularly have more disk-flowers than 

se of the south These differences 

retained when both are grown to 
vether in a standard environment 

Thus the species is geographically 

morphologically separated into two 
subspecies with no intergradation 

More interesting from an evolution 

point of view are the smaller varia 

s within each of these subspecies 

example, the southern subspecies 

Ss two forms, one slender and small 

flowered, oceurring in Lower Califor 

The other, less slender, occurs 

of the Mexican boundary. Since 

ire heritable forms, as experimen 


ENVIRONMENT 


But IT IS In The 


But quite different 


flowers eenters aroun 


varies between 


group are ol 
In full realization 


In drawing cone 


barrier between 


two forms and 


wl ere. pr ibably 
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there have beer set up colonies y! 
the taxonomist would class as ‘‘exact \ 


intermediate 


BALANCE BETWEEN HEREDITY AND 
ENVIRONMENT 

The various illustrations that hav 
been given may serve to offer a glimpse 
of the complexity of forms as they oeeur 
In nature Every plant and animal is 
the product of two very unlike and 
variable influences One influence is 
that of its ancestors. This is heredity 
The other comes from its home This is 
environment. Heredity sets the limits 
of the influences of the environment 


Environment decides the position within 


These Llmits ™~ 


heredity sets wide 


foundly changed: 


heredity sets very 


changed only by e¢ 


itself through som 
In studvine the | 


ment of organisi 





oThners 
narrow 
haneviney 
‘ proce SS 
istory oT ft! 


us Ol 


means of the classineatiol 


ucts of evolution 


tance to know wi 


heredity controls ¢ 


r { as 
th certal 


ind how 


mental conditions contr 


under considerati 


through heredity 
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fluences are expressed and ey 


relationships are r 


evealed 
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THE ELUSIVE RUFFLE PLANT, RIELLA 


By Dr. R. A STUDHALTER 


; . r {% 
I Chnrcurs ail Lilt 


nad has been playing 


of hide-and-seek with the 





Elusive and sly, this anoma 
int has managed to keep out ol 
tches of the scientist and, since it 
small to attract the attention 
man, it has nothing to fear at s 
Beautiful and shy, it has tried 
ipe to the four corners of tl! 
mly to be run down again by the 


And onee found, it 


ess collector 


+ 


weeasion usec the taecties of a SI\ 


; | 


nd managed to give up its habitat 
search for 


still in 


elude turther 


the hide-and-set 


hereby 
] 


les 


plant 1s 
ad in ‘k game, and 


tanist must be content with play 


as best he can the poor hand whiel 


Ma 


} 


e has given him out of a stacked 


tf the the 


jusand 


rarer ol severa Hii 


known and ce) 
the 


ind structure, this 


plants, 


among most anomalous in 


bright ereen 


nevertheless has one ol the MOS 
of names—Riella, after Du Rieu 
sonneuve, but suggesting a river 
oklet. True to its name, the first 
to be seen by the writer was 


ng in the fresh waters of a 
Davis 
This 


ra Creek, 


Mountains of western 
stream, locally called 


hemmed in by very 


LS 


canyon walls hundreds of feet 
ind 
now lazily, 
ike path 
the summit 
Mountain 


season they form a 


tS Waters run, now 


precip 
in a northeasterly 
hundred = feet 


Tim 


Sulnimer 


fifteen 
of the 
During the 
torrent for 

urs after a hard downpour; but 


+ 


adjacent 


he greater part of the vear they 


p Ln ! 
beneath the sands 
hiv to reappeal 
area r two vards 
Summer rains, ti 

be traced fron ts 
Livermort als 
which holds its |} 
sea-level, for te 


abrupt mouth IL thie 


tion of 4,500 feet. 
level, treeless plain 
the course is ordina} 


. = 
rocky 


‘eek water can } 
hade of the hig! 
the excessive evapor 
the plain, and pern 
erasses, shrubs anc 

It was 
Madera 


by the 


In the 
Creek that 
writer, forn 
extending from sev: 
water 1n 


sandy bank to a d 


] 


bevond the water’s 


ereek bed. and 


a sma sna 


dently, was an aquat 


been completely sul 
several months whe 
winter and spring 


0] 
It 


the last few 


little pe 
size was 
during 
water ie 
leaving the 
carpet, Two 
exposed to the ¢ 


ual plant, an ine) 


sun. it proved to 
transparent, leadir 
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FIG. 1. A TYPICAL SHALLOW 


IN THE DAVIS MOUNTAINS OF WESTERN TEXAS, 





POOL OF MADERA CREEK 


IN WHICH THE COMPLETELY SUBM 


americana WAS FOUND PHOTOGRAPH By PAUL D. Vo 


of water, for the sand and gravel on 
which it was growing could not remain 
moist enough to supply the needed 
water for the simple system of rootlike 
hairs growing out from the base of the 
ruffle. 

An accidental and unusual find, one 
must consider this; but what is this 
strange, green ribbon or ruffle standing 
on end, so unsymmetrical in appear- 
ance, with a thickened ‘‘stem’’ and a 
‘wing’’? For the moment it 


very thin * 
was impossible to say with certainty 
even to which of the four major groups 
of plants this anomalous form belongs; 
but if one must guess, he would like to 
place it in the Bryophytes, among the 
liverworts. That this ignorance was not 
so inexcusably profound is indicated by 
the reaction of one of the best botanists 
in the country who stated, upon seeing 
our specimens, that he would hardly 
have recognized the plant as a liver- 


wort. 
On the same day the plant was found 


in abundance submerged in oth 
of the creek (Fig. 1); at no tin 
five years following has it bee 
form a carpet outside of the wat 
it has become less abundant ever 
So far as known, this species 
americana, occurs at the prese 
only in the upper reaches of 
Creek, from the mouth of the 
toward its headwaters. 

Our curiosity was aroused 
mine how much was known of 


plant, and to know something of 


tives. As known at the present 


the genus Riella is composed 
more than twelve species, whi 
prove to be a mere half doze: 


nearest geographical neighbor 


American species is the one found 


Canary Islands. Others oeecur 
geria, Morocco, Tunis, Sardinia, | 
Switzerland and France. Almost 
distant as Texas from this M: 
nean center of distribution are ‘ 
tan and South Africa, each of 


, 4 








een 


Sextet 








a eae 


arbors a single species. At the present 
time, Algeria leads, with four species. 
These several species are so nearly 
that there is no question of their 
belonging together in a single genus, 
which is the only representative of the 
family Riellaceae. Although it is asso- 
ciated taxonomically with the family 


LL1AC 


Riella is structurally a much isolated 
plant. It is, indeed, so peculiar that the 
taxonomists have never agreed on its 
position in the plant kingdom. It has 
been shifted back and forth between the 
Marchantiales and the anacrogynous 
Jungermanniales, or has been placed 
with Sphaerocarpus into a_ distinct 
primitive group, or more recently has 
been considered quite advanced and 
placed with the acrogynous Jungerman- 
niales. Such shifting is the inevitable 
fate of all anomalous organisms. 

A number of unusual situations have 
arisen in connection with the discovery 
of Riella in various parts of the world. 
The first known form was found by De 
Notaris in Sardinia in 1834. It appears 
that only a single collection was made 
and that there are no herbarium speci- 
mens in existence from this locality; we 
rely upon Montagne’s rather imperfect 
description of the form. More than 
half a century later, Miiller identified as 
this same species, R. notarisii, a single 
incomplete collection made in Greece in 
1887. Otherwise, the species has suc- 
ceeded completely in eluding the bota- 
nist. 

This first known of the Riellas fore- 
shadowed much of the future history of 
this remarkable genus. Virtually all 
the species are rare. R. paulsenii from 
Turkestan has been collected only once, 
and that under very strange circum- 
stances, while several other species have 
become lost, only to be found again at 
a much later date. R. reuteri of Swit- 
zerland may be considered the classical 
example of a lost form. Discovered on 
the banks of the Lake of Geneva by 


Sphaerocarpaceae, one may assert that 
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Reuter in 1851, it was collected at inter- 
vals for several years. Later a mill was 
erected 


over the single small 
spot in which it had grown, 


muddy 
and ior 
decades the species eluded all search, 
both here and elsewhere. It is said that 
the Schloss Bartholoni now occupies the 
When rediscovered, it 
in possession of a very 
further up the Rhone valley where, ac 
cording to Meylen, it is once more in 
danger of exterminated by the 
‘‘improvements’’ of Fortunately, 
other Riellas, formerly considered dis- 
tinct species but believed by Trabut to 
be morphological variations of R. 
teri, are present in France and northern 
Africa. 

The French form was similarly lost 
for over twenty years, at which time it 
was found not 


site. was again 


limited area 


being 


man. 


réu- 


only at its original site 


but in another location at some distance 
in the same province. 

The American species was first de 
1902 
by Earle and Tracy in Limpia Creek in 
the Davis Mount 
had gathered 
plant in the same 
Saunders had 
of it in South Dakota in 1898. Between 
1855 and 1902 the plant was not seen in 
the Davis Mountains, and after the lat- 
ter date it lost 
1927. These losses may be attributed in 
part to the small number of botanists to 
visit this region; but this is not the only 
explanation, for between 1902 and 1927 
the organism left 


seribed from a collection made in 


although Schott 


some specimens of the 


1855, 


made a single collection 


ereek in and 


was once until 


more 


its original home in 
Limpia Creek completely, either jump- 
ing across the mountain range to 
Madera Creek, or else being more suc- 
cessful in remaining in Madera, where 
it had not been seen until 1927. The 
plant has evidently disappeared from 
South Dakota, as it did from a tempo- 
rary lake near Lubbock, Texas, where it 
was found for a The 
American species has, then, become lost 


from three localities, and apparently is 


single season. 
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present now only in Madera Creek; 
again, aside from the specimens ob- 
tained in Madera and near Lubbock 
since 1927, only three collections are in 
existence. 

Few species of living organisms which 
have been studied by the professional 
biologist have not been seen in their 
native lands, and yet Riella paulsenu of 
Turkestan has been seen only once, in 
Denmark. At the turn of the last cen- 
tury, the biologist Paulsen collected a 
number of samples of mud from ponds 
in Bokhara in the hope of obtaining 
resting stages of crustacea. Three years 
later, in 1901, when the mud was cul- 
tured in an aquarium in Copenhagen, 
crustacea were obtained in abundance, 
but also a new species of Riella, de- 
seribed by Porsild. The culture became 
contaminated and lost, with the conse- 
quence that this organism has been seen 
but once, twenty-five hundred miles 
from its home. This species holds the 
record of all the Riellas for its aloof- 
ness. 

That such an anomalous situation 
should be closely paralleled is almost 
unbelievable. Nevertheless, about the 
same time a quantity of mud was col- 
lected near Port Elizabeth in Cape Col- 
ony, South Africa, also for the purpose 
of obtaining crustacea. In 1903, six 
years later, a culture made in England 
from this mud yielded a new species of 
Riella, described as R. capensis by 
Cavers. The botanist has been more 
successful, however, in his onslaught on 
the South African species, for it has 
since been found in relative abundance 
in the temporary bodies of water called 
vleis on the Cape Peninsula and the 
Cape Flats. This appears at present to 
be the most abundant species of Riella. 
Mud sent from this same region by Miss 
Stephens to Dr. Chamberlain at Chicago 
for algae yielded hundreds of R. capen- 
sis plants thirteen years after collection. 

It is quite evident, then, that Riella 
is an exceedingly rare plant, and one is 


not surprised that it has been 
few botanists. Because of its a1 
structure and perhaps beeaus 
rareness, the literature on the g 
become rather voluminous. Its 
phology has aroused the interest 
masters as Hofmeister, Montag: 
geb and Goebel, whose researc! 
often of necessity based on few 
or even on dried herbarium sp 
soaked in water. Living materia 
especially viable spores, wer: 
premium. 

It is of peculiar interest to n 
among all the Bryophytes, in 
both liverworts and mosses, Riel! 
sonis (now called R. parisit) was 
first plant in which the fusi 
gametic nuclei during fertilizati 
observed. This work of Kruch in 
was also the very first case am 
plants in which it was observed 
before the fusion of fertilization 
male and female nuclei undergo s 
changes that their respective ch 
somes are clearly visible. 

A more detailed examinatio1 
several species of Riella shows 
them to have the same basic 
namely, an elongated stem-like str 
ture on one side and over the t 
which extends a very thin wi! 
from the base of which grow a1 
of rootlike hairs, the rhizoids (Fig 
The stem is round or oval in s 
and the wing is a single cell in 
ness. The latter extends over t! 
and side of the stem in much the 
manner as an unbroken row of f 
in the headdress of an Indian 1 
extend from his forehead over his 
and down his back; to make the pa 
more accurate, however, the solid ri! 
of feathers should be thought 
starting under the chin and formi: 
wavy band over the face and head 
down the back almost to the gr 
The feathers under the chin are 
short, and they become progressi\ 


longer over the head and shoulders, a 


no 
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FIG. 2. 


AT THE LEFT, A MALE PLANT WITH THE MALE 


MARGIN OF THE WING; AT THE RIGHT, A 
DEVELOPMENT; 


YTES IN VARIOUS STAGES OF 


ASEXUAL PLANT ENCLOSED WITHIN ITS 


gradually shorten near the 
ground. It is this upright wavy wing 
which led Barnes to call Riella a ruffle 
standing on end; and Hofmeister con- 
sidered R. helicophylla of Algeria, in 
which the wing is wound 
spirally around the stem like a spiral 
stairstep, one of the most remarkable 
forms in the vegetable kingdom. 

In some species the plants are monoe- 
cious; that is, they have both male and 
female organs on the same individual. 
In others, as in the American species, 
the two sexes constitute different indi- 
viduals, which, in their general form, 
are similar. The male sex organs or 
antheridia, each of which develops a 
large number of sperms, occupy a very 


sometimes 
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are 
AMERICANA 
SEX ORGANS OR ANTHERIDIA NEAR oO 
FEMALE PLANT WITH THE ATTA ) SPOR 
AT THE LOWER CENTER, OUTLINE OF A SIN‘ 
INVOLUCRE. DRAWIN¢ i S. FLow 
U! cur in a 


unique position, since 


row on the outer margin of the wing 
which is here somewhat thickened; in 
other words, they are found near t 


tips of the Indian’s feathers, somewhat 


eyes in the treatners 


comparable to the 
The v, 


ungest oI these a 


of a peacock. 


found under the Indian’s chin, and tl 
are progressively older over the top and 
back of his head. In the female indi 


viduals, the outer edge of the wing is 


unthickened; the flask-shaped 
organs, the archegonia, found at- 
tached to either side of the stem near its 
Each 


, ' 
female 


are 


archegonium 


upper extremity. 
contains an egg in its swollen basal 
portion. 


life history of 


A knowledge of the 








308 THE SCIENTIFIC MONTHLY 


other liverworts would lead one to feel 
certain that the fertilized egg does not 
develop directly into another individual 
like the parents from which it had its 
beginning. Indeed, the zygote grows by 
numerous cell divisions into an alto- 
gether different kind of individual, a 
sporophytic or spore-bearing non-sexual 
plant, which in no manner resembles the 
gamete-bearing ruffle; its size, form, 
structure, and the number of chromo- 
somes contained in its nuclei when they 
are dividing, are all different. Instead 
of being ribbon-shaped, it consists of a 
stalked globe. Instead of having rhi- 
zoids growing into the soil, the base of 
the stalk consists of absorbing tissue 
embedded in the stem of the ruffle-like 
plant. In other words, it is never a free 
individual, but shows parasitic tenden- 
cies, although it remains green through 
a part of its life span and can therefore 
manufacture at least a part of its own 
food. As it matures, it occupies a suc- 
cessively lower relative position on the 
stem of the ruffle, not by any power of 
shifting its position, but by the contin- 
ued elongation of the stem of its 
gametophytic mother on which it is a 
partial parasite. 

The globular sporophyte produces in 
its interior a large number of spores, 
which develop at the expense of a num- 
ber of adjacent cells. The latter act as 
‘‘nurse’’ cells; that is, their protoplasm 
and walls break down and serve as food 
for the developing spores. A mature 
spore is thick-walled and covered with 
numerous spines, which have been 
thought of as aids in the dissemination 
of the plant by becoming attached to 
aquatic animals or floating vegetation. 
In Texas, however, they seem also to aid 
in preventing too great a dissemination 
and consequent loss since, if they did 
not become attached, they might be 
swept down the creek and out of the 
canyon into dry areas where they have 
little chance of germinating and grow- 
ing. They do not always germinate 


readily, but may retain their vit 
for many years. 

The ultimate product of the ger 
tion of the spore is again the gan 
producing plant or ruffle. But su 
the perversity of nature that few p 
or animals grow immediately int 
stage resembling the adult in shap 
structure. Such juvenile states 
give a clue to the ancestry of an orgap. 
ism. During its development, Ri 
passes through several distinct stag 
before it takes on the form of the adult 

The first stage after germination | 
sists of a cylinder of green cells 
ranged end on end, with a long 
celled rhizoid growing in an opposite 
direction. Does this filamentous st 
refer back to an algal ancestry m 
millions of years ago? By their fruit 
they may be known, but also by 
juvenile forms through which they | 

Next, the young growing plant 
sumes the shape of a paddle or ten 
racquet one cell in thickness, which 1 
be compared with some of the sim; 
thallus bodies among the other 
worts. 

True to its reputation for anoma! 
structure, the next stage is complete|: 
unexpected. If Riella were to conti: 
to grow along the tennis racquet pla: 
might, indeed, produce a highly cor 
plex structure. Increase in size mig 
be accompanied by the establishment 
dorsiventrality and by the formation 
air pores, complex air chambers, a mid- 
rib, a definite notched apical growing 
point and many other structures s’ 
to-day in the more common liverworts 
But development along any of thes 
lines would result merely in a slight 
variation from the structures found 
Marchantia and other hepatics. W! 
knows but that the ancestors of Ri 
started out on such a plan of keeping uy 
with the Joneses—or perhaps they wer 
the Joneses with which other liverw 
were trying to keep up. At any rat 
these early progenitors apparently 
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cided that, to be different, development 
must proceed along a new line, even if 
some of the gains previously made must 
he sacrificed in the change. So they hit 
upon a plan, unknown anywhere else 
among the liverworts, of absorbing most 
f the broadened part of the tennis rac- 
tt and starting a new lateral growth 
It is this anomalous lat- 


qui 
from its base. 
eral sheet one cell in thickness which 
crows directly into the stem and wing 
f the adult plant. 
The filamentous 
symmetry, or symmetry around a line, 


shows radial 


stage 


stage shows 


while the tennis 
bilateral symmetry, 


racquet 
or symmetry on the 
two sides of a plane. The adult stage 
has no symmetry at all, as viewed from 
the side; but a bilateral symmetry be- 
comes apparent as a result of a plane 
eutting the stem in half and extending 
out through the middle of the wing, 
cutting this structure into two equal 
halves, each a half cell in thickness. 

In such a complex manner is the life 
eyele completed. The ruffle produces 
the sex cells; fertilization is followed by 
growth into a globular spore-bearing 
partial parasite; and the spore develops 
again into the ruffle form through suc- 
cessive filamentous, thalloid and lateral- 
utgrowth stages. 

Among the several 
variation is shown in the habitat occu- 
pied. Some live near while 
others are found in the mountains, up 
to 5,500 feet. Some occur in brackish 
and others can tolerate only 
fresh waters. Many of them are found 
only in temporary bodies of water, but 
the Texas form is not at all averse to 
living in the permanent pools of 
Madera Creek. They are aquatic and 
are normally found submerged; but 
they may be able to live for a time out 
of water, with the drying of the lakes 
or streams. While some of them grow 
readily in culture in the laboratory, 
others do not, and it has not yet been 
found possible successfully to trans- 


much 


species, 


sea-level, 


waters 
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plant R. americana from Madera Creek 
to Musquiz Creek or to its former hom 
in Limpia Creek. Several of the species 
have been found among 


tion, but the Texas form prefers t 
grow in almost pure stands, neither 
mixed with other plants nor shaded | 
floating algae. Little is known about 
the reaction of these organisms light 


temperature and soil and water condi 
tions. In some respects they se 
to adjust themselves to extremes, as is 
the case with the Texas species, whicl 
grows normally in the cool waters of a 
well-shaded canyon but was found for a 
time in the warm waters and the inter 


lake near Lubbock 


sunshine of a playa 
and at an 


sheet of 1¢ce, 


Texas, ther time under a 
three-inch Nothing is 
known about the factors responsible for 
the very local distribution of the various 
species and for the disappearance 
some of them. 

For a plant as rare as Riella, one is 
surprised to find that it is, in a sense, 
world-wide in its 
both northern 
both 
western, four of the six continents a 
represented. And yet the genus has 
found in only el 


almost 
Found in 
hemispheres, and in 


and 
eastern and 


been 
and in 


almost every instance, except 


South Africa, a given species occurs in 
only one or two very local areas. Not 
over twelve species occur in not over 
eleven countries. 

The geological origin of the Riellas 1s 
hidden in the haze of the past. It 
would scarcely be exper ted that a soft 
bodied form could leave behind a fossil 
record as easily as a Wot ay trunk or a 
stony fruit, and definite fossil records 


of any liverworts are consequently rare 
Nevertheless, there has 


among many botanists that the liver- 


been a 


lnmieall 


worts as a group are old geologically 
During the last few years, several excel 
lently preserved though not fruiting 
liverworts have found 
far back in geologic times as the Car- 


been dating as 
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boniferous; tissue structures were beau- 
tifully shown in these fossils. Such 
discoveries raise a faint hope that in the 
course of time even some fossil Riella- 
like plants may be located. 

Any theory of the geological origin 
and distribution of a genus which lacks 
all representation in fossil form is, of 
course, purely hypothetical. It is, nev- 
ertheless, hoped that the ideas pre- 
sented in this connection may serve as 
a point of departure in building up a 
hypothesis of the geological origin of 
Riella, even though the present state of 
our knowledge will permit neither their 
proof nor their disproof. 

Starting with the concept that the 
liverworts have been in_ existence 
through a number of geologic ages, we 
find some evidence for the belief that 
the genus Riella itself is not a very 
young one, but that it has gone through 
a long evolutionary history. Thus, a 
new genus is rarely present in the 
northern and southern hemispheres, and 
in the eastern and western; it usually 
requires many ages for it to become dis- 
seminated into four continents. Neither 
would a new genus be expected to have 
its species adapted to a variety of habi- 
tats, for such adjustments also require 
time. Again, while the liverworts in 
general exhibit juvenile stages in their 
development, Riella reaches its adult 
condition by a much more indirect and 
circuitous route, in that it passes 
through three distinct and unlike stages 
before it reaches the adult form of the 
ruffle. It is a generally accepted prin- 
ciple that each of these stages represents 
a relic of an aneestral condition, and 
that the larger the number of such 
stages the older is the plant likely to be 
geologically. On such a basis, the ruffle 
structure is a highly derived form and 
in no sense primitive. And finally, a 
cue may be taken from the flowering 
plants of the Canary Islands; a very 
large percentage of this flora is a relic 
vegetation, left over from earlier geo- 


logic periods. Perhaps Riella 
which is found only in the Canaries 
a similar relic. For these reas 
seems rather logical to see in Ri 
ancient plant, a landmark on 
recorded the structural history 
ancient race. 

Probably history began to un! 
self for the ruffle plant in those 
lands which are now southern Ew 
and northern Africa. All but thr 
the species are still there, not 
deserted the land of their birth. 
how long ago this event occurred, 
impossible to say; probably severa 
logic ages before the Pleistocer 
swept in repeated waves over n 
Europe and America, a certain 
wort began to show tendencies 
that anomalous development whic! 
finally to culminate in the present 
plant. Conditions for the growt 
this primitive organism must hay 
favorable and, with the passing 


ages, it became wide-spread. Since t 


agents of dissemination of the pres 
species are not definitely known, 
agents in the ancient world can on! 
postulated. Primitive birds must 


migrated to an extent, and there is | 


reason for denying their ability to 
spores attached to the mud on their 
then, as now. Liverwort spores 
been found in relative abundance 
the feet of water birds. Such an a 
agent was aided, no doubt, by the n 
slovenly changes in climate, land 
and the size of land masses. 

One can imagine the ancestors 
Riella crossing the forerunner of 
Mediterranean either by the agenc) 
birds or by numerous short steps ar 
the edges of the sea or across |! 
bridges. From this Mediterranean 
ter, the plants became distributed 1 
directions. Transport on the feet 
birds seems the most logical explanat 


for their migration to the Cana! 
Islands. Between southern Euro) 


and Turkestan are numerous bodies 
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and many mountain streams; 
bable similar conditions ages ago 
rded plenty of opportunity for a 


ries of short jumps, aided by water 
s. Crossing the Sahara region and 
equator presents a knotty 

blem, but not an insurmountable dif- 

ulty. It is that many 
European families and genera of the 
i@her plants, the seeds of which are 


more 


well known 


many times as heavy as the spores of a 
iverwort, have made the same jump to 
e region of the Cape of Good Hope; 
period of more uniform climate or a 
jumps from mountain 
unge to the next offers a likely explana- 


series of one 
The passage to America is the most 
lificult to explain. 
lence for the supposition that the bulk 


There is wood evi- 


* the genera of plants both in Europe 
ind America were at one time, during 
period of mild climate, located in a 
mythical region far to the north. From 
this center of dispersion, identical or 
similar plants migrated southward into 


the two hemispheres, east and west. 
Perhaps the ancient Riellas also sue- 
eeded in extending their range into 


from which 
the 
At 


a time the genus must have had a 


his birthland of the north 
they could 
igher plants, into North America. 


1 
sen 


along with 


migrate, 


very wide range, covering possibly most 
hemisphere. Under 
favorable living conditions, the number 


the northern 
of species was probably much greater 
th Then the ice 
driving the plants southward and eradi- 


in now. came 


aves, 
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eating many of the species. Son 

them, perhaps, were able to adjust then 
tn s ; 

Selves Oa eold @elilma l] whl 

nection on is remll | S 

plant rrowing I ! I ! 

sheet. But most of the s s becar 


extinct as a resu 


the several periods 
species in the western hemisp 
ever numerous, they have | 
to a single one 

The few species IX Mi 
left in existence to-day are true } 
orphans, left to shift for themselves 
a world which is none too kindly towat 
them. Each has gone its separate 
having lost all track of its brothers su 
ilarly stranded in other countries. And 
yet one wonders whether a systematic 


search may not reveal a much wider 
distribution, so that the present gaps 
the Mediterranean region and 
South Africa and T 


may not be filled with other habitats 


between 


Texas, 


the known species, or for species yet t 
be discovered. 
These considerations, combined wit 


the disappearance of s ' the species 
one to the eoneclu 


for many years, lead 
Riel! 


sion that the genus 


la is dying out 
that it represents the last stand of a 
race which is finding this age too uw 
favorable for its existence If this 
hypothesis be true, the ruffle plant is 
likely in another geologic age to be 
shelved in the antiquarian records 


along with Lepidodendron, Sigillaria, 


the dinosaur and the mastodon 











BULLETS AND SPEAR-HEADS EMBEDDED IN 
THE TUSKS OF ELEPHANTS 


By Dr. E. W. GUDGER 


AMERICAN MUSEUM OF NATURAL HISTORY, NEW YORE CITY 


INTRODUCTION 

I HAVE long been interested in foreign 
bodies embedded in the tissues of fishes. 
Years ago I found a mummified pipefish 
and later the backbone of a fish each 
held in the mesenteric folds of a fish. 
These and other like data were brought 
together and published in 1922 with the 
title, ‘‘Foreign Bodies Found Embedded 
in the Tissues of Fishes.’’"* However, 
long before this I had dissected 54 sting- 
ray stings and 4 catfish pectoral spines 
from the jaw muscles of a hammer- 
headed shark.? 

And finally I recently dissected a pair 
of jaws of the black-tipped shark from 
the Gulf of Aden with like surprising 
results. In these jaws and the adherent 
muscular tissues—the jaws had merely 
been ‘‘roughed out’’ and dried—I found 
13 sting-ray stings. Three of these were 
embedded in the gum-like tissues (tech- 
nically the ‘‘thecal folds’’) surrounding 
the teeth. But most surprising was it to 
find a fourth spine embedded in the solid 
cartilage of the jaw. These spines had 
produced interesting abnormalities in 
the corresponding rows of teeth of the 
shark which will be described in another 
paper. The general account of their in- 
clusion in the jaw tissues of this shark 
has been published in the May, 1932, 
issue of this journal. 

Becoming greatly interested I worked 
through various general odontographies 
(works dealing with the tooth structures 
of man and the lower animals) to see 

1 Natural History, Vol. 22, pp. 552-557, 6 
figs. 

2 Science, 1907, Vol. 25, p. 1005. 
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what they contained bearing 
ject of tooth abnormalities 


Various interesting things w 


re * 
in these books, among them 


counts of foreign bodies includ 
ee Gap 3* re 

tusks of elephants. This has 

running down of all the av 


counts, and it has seemed 


bring the data together into 


form. 


INCLUSION OF BULLETS IN 
oF ELEPHANTS 


The tusks of the elephant a1 


manent upper incisor teeth. 
not only the largest of the 
teeth, but in proportion t 


the body are the largest teeth 


to any animal. Each tusk 
two parts; the outer solid 
proper; and the root or the 
embedded in the upper jaw. 
part consists of a holl 
pulp eavity filled with | 


Ww 


lood 


vesse|s 


nerves. The walls of this 


formed of dentine or ivory, 


behind where the pulp cavity 
t 


These tusks grow at 
sistent pulps throughout the 
elephant, their increase in le 
checked only by the wear a 


fighting and of uprooting trees. 


The presence of bullets in the t 


elephants is not very uncomm 
phenomenon has been known 


dreds of years to ivory w 
have found them in cutting uy 


rk 


» t] 


Ivory is one of the most prized 
commodities which are luxuries. 


greater part of the ivory of ¢ 











THE TUSKS 





htained by shooting the elephants 
which bear it. The intent is to have the 

yllets enter the heart or the brain, and 
it is in these latter that we are most 
interested since many of them find 

dgement not in the brain or head but 
through bad aim or movement of the 
animal they penetrate the tusks. This 
matter has been well put by Dr. George 
F. Kunz in his interesting book, ‘‘ Ivory 
and the Elephant.’ Dr. Kunz has ex- 
mined scores of specimens which jus- 
tify the title of this section. After not- 
ing that thousands of elephants have 
been killed for their tusks, ‘‘which are, 
so to speak, the animal’s jewels,’’ he 
‘ontinues as follows. 

‘‘A very curious circumstance is that 
not uncommonly there is found buried 
in the tusk an iron bullet which was in- 
tended to kill the animal but which got 
no farther than a lodgement in the very 
hunter aimed to 
Then he brings forward the 
general statement, based on an examina- 
tion of many specimens, which will 
serve as an admirable introduction to 
this part of my article: 


’ 1 ’? 
Thine The 
bul uth 


pt SSESS, 


follow ing 


afford good evidence that 
by shots but are 


These specimens 
many elephants are struck 
not killed. In other words, judging from the 
number of tusks showing encysted iron or lead 
bullets, it is self-evident that were not 
the bullets that ended the life; of 
ourse the wounding of the tusk would at most 
give an elephant a powerful shock, and unless 
the shot that hit the tusk were closely followed 
by another to the would 
escape practically and 
tusk had been traversed by the ball the direc- 


these 
animal’s 


brain, the animal 


uninjured, when the 
tion usually indicates that it could not have 
inflicted a mortal wound even if its momentum 
were not too much lessened by the resistance 
of the ivory it had passed through. Instances 
of recent shooting showed that the ball had 
shattered the tusk and this had regrown, 
thereby proving that the bullet in question had 
not been that which had killed the elephant. 


In presenting the data showing the 


5 New York, 1916, pp. 222-225. 
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development of our knowledge of this 
interesting phenomenon, the chronolog 
eal order will be followed. Probably 
search through the old natural history 
books in which the e 
to would reveal 
bullets dating back into the But 
the earliest account I have chanced upon 
dates back only to 1729. 
In that year Frederic 
lished at Amsterdam his 
Magnus & Regius qui est Decimus The 


i | 


+ r } } 
emoeaaed 


ephant is referred 
nts ol 


accou 


1600s. 


Ruysch 


éér 


pub 


Thesaurus 


saurorum Anatomicorum On page 36 


of this, he speaks of having (presumably 


in his museum) a section of an ele 


phant’s tusk in which was found a brass 
or copper ball which had penetrated 

“fexplosione sclopeti.’’ Fig. 8 of his 
plate II portrays the 
sule of secondary dentine but not the 


is the earliest repre 


ball and its cap 


tusk. This figure 
sentation of this phenomenon known to 
me, but it is too crude and insignificant 
to be reproduced Later on, 
figures will be reproduced showing how 


herein. 


such a ball penetrates the tusk, how it 
becomes embedded and how the orifice 
becomes closed. 

Next Daubenton, in the first 
of Buffon’s ‘‘ Histoire Naturelle,’’* says, 
under the heading ‘‘ Un morceau d’ivoire 
renfermant une balle de fusil,’’ that in 
the ‘‘Cabinet d’Histoire Naturelle’’ 
there is a section of elephant’s tusk con 


edition 


taining a rusty iron ball ‘‘qui a cing a 
six lignes de diamétre.’’ Behind the 
ball the ivory is disturbed and com- 
pressed for about 7 lines (seven twelfths 
of an inch The ball by its impact had 
thus formed a kind of tubercle or callus 
entirely foreign to the structure of the 
tusk. The tusk was thicker at this point 
than anywhere else. There was no mark 
anywhere of the method of entry. He 
was certain that this ball had been em 
bedded in the tusk for some time. No 
figure is given. 


¢ Paris, 1754, vol. IX, pp. 161-162. 
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After Goodsir, 1844 


A BULLET EMBEDDED IN AN 
ELEPHANT’S TUSK 

A DIAGRAMMATIC DRAWING TO SHOW HOW THE 
BULLET IS COVERED OVER AND HOW THE APERTURE 
IS FILLED. FOR EXPLANATION OF THE LETTERS SEE 
THE TEXT. 


FIG. 1. 


The next account chanced upon is in 
A. G. Camper’s ‘‘Description anato- 
mique d’un eléphant male.’’> Camper 
had seen in the collection of the Prince 
of Orange a triangular section of an 
elephant’s tusk with two iron bullets in- 
cluded. These lay loosely side by side 
in a cavity without trace of entrance 
passage. Our author himself possessed 

5In Pierre Camper’s ‘‘Oeceuvres,’’ Paris, 
1803, Vol. II, p. 160; pl. 22, fig. 6; and pl. 27, 
fig. 11. 


a piece of tusk with an embedded 
ball. There was nothing to indicat 
it had found entrance. These 
had penetrated the pulp eavit 
gradually had become covered 01 
deposited material, which, how: 
not fit closely to the balls. 

Camper’s figures, while not th 
published to show such inclusions 
the first that I have been able t 
However, neither of them is particu 
interesting and as better ones wi 
reproduced later in this article, it 
not seem necessary to reproduce t! 
here. 

Next comes J. F. Blumenbach,’' 
after giving several untraceable citati 
about inclusions of iron balls in 
phants’ tusks, states that he possess 


— 


such a specimen. Much more interesting 


was his specimen of a tusk as large as a 
man’s thigh containing an unflatter 
leaden bullet. This lay in the cavity 
the tusk covered over with a sort of ri 
of stalactitic material. The ext 
perforation which the bullet had mad 
was closed as it were by a cicatrix. H 
gives no illustration. 

Cuvier, in his ‘‘Eléphans Vivans 
Fossiles,’’’ notes that it is not at all 
usual to find bullets included in 1 
tusks of elephants without any trace 
aperture by which they found entran 


in the Paris Museum. (This of cours 
may have been the specimen described 
by Daubenton in 1754). These data ar 
repeated in his ‘‘Ossemens Fossiles,”’ 
where he notes that there are three sp: 
mens in the Muséum d’Histoire Natu 
relle. Unfortunately, he also gives n 
figures. 

Goodsir in 1844 wrote the first deti- 

6‘*Handbuch der Vergleichende Anatomie,’ 
Gottingen, 1800, p. 42. 

7 Annales Museum d’Histoire Naturelle, 180' 


Vol. 8, p. 115. 
8 New ed, Paris, 1821, Vol. I, p. 48. 
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. paper known to me “'On the Mode 
in which Musket-Bullets and other 
Foreign Bodies become Enclosed in the 
Ivory of the Tusks of Elephants.’’”® His 
material eame from the cutlery firm of 
Rodgers at Birmingham, which im- 
norted the ivory for knife and razor 
Goodsir goes minutely and at 
least in part histologically into the 
mode of regeneration by which the aper- 
ture is closed and the ball surrounded 
with ivory. It is not the purpose of 


nandies. 


this article to go into these histological 
details: however, it would seem that a 
reproduction of Goodsir’s general state- 
ment and of some of his figures with 
their detailed legends will 
make clear his conclusions and will iilu- 


somewhat 


minate the subject. 

One thing detected in all his speci- 
mens was of importance as affording a 
elue to the method of enclosure. This is 
that 


. in none of the specimens are the bullets or 
foreign bodies surrounded by regular ivory. 
They are in every instance enclosed in masses, 
more or less bulky, of a substance which, al- 
though abnormal in the tusk of the elephant, is 
nevertheless well 
anatomist, as occupying the interior of the 
teeth of some of the other mammals, and 
usually considered to be ossified pulp. 
evident that the pulp had ossified round the 
bullet, as the first step towards the separation 
of the latter from it. In one specimen the 
bullet has become enveloped in a hollow sphere 
of this substance, on the surface of which the 
orifices of medullary canals are situated. [ Fig. 
4 herein]. In other specimens the irregular 
ivory, which surrounds the balls, had become 
smooth on its surface, the medullary canals 
had disappeared and the regular ivory had 
been formed in a continuous layer over the sur- 
f In one tusk a cicatrix was 


known to the comparative 


It was 


face of the mass. 
seen occupying the hole through which the ball 
had passed, a circumstance which, when seen 
m similar specimens, has greatly perplexed 
anatomists. It was observed, however, that, in 
this instance, the shot had passed through that 
part of the tusk which had been within the 


® Transactions Royal Society of Edinburgh, 
Vol. 15, pp. 93-100, pl. 
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socket; 
an organ of double growth, it appeared proba 
ble that the shot had been plugged up f: 


and bearing in mind that the tusk is 


within by the ossified pulp, and f 
by the continued growth of cement, wit 
any regeneration of the displaced ivory; a 


hypothesis which was afterwards verified 


examination. 


Two of Goodsir’s figures will here bs 
Fig. 1 


Here a is the layer of 


reproduced. shows a ball em 
bedded in a tusk. 
cement; 6, the primary or regular ivory 
with its so-called Retzian tubes; c, 
ball; d, the irregular ivory with ; 
tem of tubes and cells; e, the secondary 
regular ivory. Fig. 2 is a cross-section 
of the base of a tusk showing how a bul 
let has passed through one wall of the 
embedded in the one 


" . 


The orifice has become filled 


tusk to become 
opposite. 
with irregular ivory covered on the out- 
Here the track of t 

ossified as it has in 


side with cement. ie 
ball has not becom« 
some other cases figured on the same 


plate. The material, filling the orifice 


eas. 


ie Soe 
. = _ 


After Goodsir, 1844 
ANOTHER TUSK WITH AN 
EMBEDDED BULLET 
A SECTION OF THE BASE OF A TUSK IN WHICH 
THE BULLET HAS PENETRATED THE LEFT WALI 


FIG. 2. 


HAS CROSSED THE CAVITY AND HAS BECOME EM 


BEDDED IN THE RIGHT WALL. THE HOl HAS 
BECOME FILLED WITH IRREGULAR IVORY COVI ) 
WITH CEMENT EXTERNALLY. THE BALL IS EM 


BEDDED IN REGULAR IVORY. 
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and covering over the ball, has become 
deposited by the regenerated pulp. 

J. Bland-Sutton, in an interesting 
article on ‘‘The Diseases of Elephants’ 
Tusks in Relation to Billiard Balls,’’*® 
figures two fragments of elephant’s 

10 The Lancet, London, 1910, pt. 2, pp. 1534- 
1537, 7 text-figs. 





After Bland-Sutton, 1 
FIG. 3. BASE OF A TUSK WITH AN EMBEDDED BALL 

AN IRON BALL PROJECTS INTO THE PULP CAVITY OF A TUSK WHERE IT HAS FORCED OUT OF PLA 

THE IVORY LINING. ON THE OUTSIDE IS A WART-LIKE MASS OF DEPOSITED MATERIAL. Sp? 
IN MUSEUM OF THE ROYAL COLLEGE OF SURGEONS OF GREAT BRITAIN. 


ivory in which iron bullets are 


bedded. The better of these two fig 


is reproduced herein as Fig. 3. H 


the bullet has partly broken through t 
wall of the tusk into the pulp cavity, t 


point mushrooming the inner layers 


the base of the tusk into the pulp eay 


ity. On the outside is seen a 1 





—After Goodsir, 1844 


FIG. 4. COPPER BALL ENCLOSED IN AN IVORY SPHERE 


IRREGULAR IVORY HAS BEEN DEPOSITED AROUND THE BALL WITH CANALS, SOME CLOSED BUT OTHERS 
THE MASS IS ATTACHED TO THE WALL AND IN 


OPENING INTO THE PULP CAVITY OF THE TUSK. 


TIME WOULD HAVE BEEN ENCLOSED IN IT. 

















nrobably of cementous material, depos- 
ited to close up the aperture. Bland- 
Sutton further states that such inclu- 
sions have been known to ivory turners 
‘or centuries and then concludes thus: 


The thorough way in which a bullet may be 
embedded in the solid part of an elephant’s 
tusk. and no mark betray it, is proved by the 

t that one has been found in a billiard ball. 
Such a specimen is preserved in the Museum 


f Royal College of Surgeons of England. 


Kunz (1916, p. 224), in discussing 
such inclusions as these, says that one of 
the finest collections known of such 
wounded ivory is to be found in the 
Buffalo Museum of Science. In the col- 
lection presented by Mr. C. H. Wood 
there are no fewer than 34 specimens 
which show inclusions of bullets, ete. 
Kunz had evidently examined these, for 
of the effects of the bullets on certain 
tusks he writes that: 


When the bullets are of lead, the metal is 
generally scattered more or less, and has 
affected the ivory differently than in the case 
of steel bullets. It is said to poison the den- 
tine, frequently causing large exostotic growths, 
exhibiting strange and abnormal bulbous or 
spicular forms, and hollow spaces often of 
large size. These tumors are designated odon- 
toma [bone tumors]. ... On the other hand, 
in several instances where steel bullets were 
found, the ivory was only partly decomposed 
or absorbed away from the bullet, leaving it 
loose in a hollow enclosure, thus making a kind 
of ivory rattle. .. . In a very peculiar instance 
a flattened bullet was found encysted in the 
hollow rim end of the tusk, where it was only 
three-eighths of an inch wide, but a growth an 
inch through had formed around the bullet. 


This material in the Buffalo Museum 
of Science is in the hands of Dr. C. E. 
Cummings, who is planning an article 
describing these inclusions. Since this 
is probably the largest collection in 
America of such maimed ivory, Dr. 
Cummings’ article will be awaited with 
great interest. 

Such a growth covering a ball, as is 
referred to by Kunz, is shown in Fig. 3 
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of Goodsir’s plate. Of this, which is 
reproduced herein as Fig. 4, Goodsir 


(1841) says: 


A copper ball lis enclosed in a here of 
irregular ivory, on the surface of which are the 
orifices of the Haversian canals. Some of the 


orifices have closed and present the appearance 


of irregular projections. The mass has begun 
to be attached to the regular ivory of the tusk, 
and would in time have been inclosed in 


The ball must either have passed across from 
the opposite side of the tusk, or must have sunk 


below the level of the hole by which it entered. 


Lastly, C. S. Tomes, in his ‘‘ Manual 
of Dental Anatomy, Human and Com- 
parative,’"** noting that bullets are 
sometimes found embedded in tusks, 
offers the following remarks: 


The thin walls of the tusk near its open 
[hinder] end do not offer very much resistance 


a bullet; the result of such 


to the entrance of 





4fter Combe, 1801 
FIG. 5. IRON SPEAR-HEAD EMBEDDED 
IN A TUSK 
ON THE RIGHT THE SPEAR-HEAD IS EMBEDDED IN 
THE IVORY. ON THE LEFT IS THE SPEAR-HEAD 
AFTER EXTRACTION FEOM THE TUSK. 


an injury is not, as might have been expected, 
the death of the pulp, but in some cases abscess 
cavities become formed in the neighborhood of 


the injury, while in others less disturbance is 


11 Seventh ed., London, 1914, p. 543 













Wa re . - - Me 
yy uta 4 ual 


After Goodsir, 1844 
FIG. 6. BASE OF A SPEAR-HEAD 
EMBEDDED IN A TUSK 
THE SHAFT OF THE SPEAR HAS BROKEN OFF, AND 
OF THE HEAD IS VISIBLE. THE 
POINT OF INJURY IS SOME- 
FOR EXPLANATION OF 


ONLY THE BASE 
TUSK BEYOND THE 
WHAT DWARFED IN SIZE, 

LETTERING SEE TEXT OF THIS ARTICLE. 


set up, the bullet becoming enclosed in a thin 
shell of secondary dentine, or sometimes lying 
loose in an irregular cavity, and round this the 
normal ‘‘ivory’’ is deposited; upon the out- 
side of the tusk no indication of anything 
unusual is to be seen, so that the bullets thus 
enclosed are found by ivory turners only when 
sawing up the tusks for use. 


These explanations are more or less 
incomplete and before leaving the sub- 
ject it may be well to quote Goodsir’s 


carefully considered explanations 
(1841, pp. 97-98). He thinks that 


foreign bodies enter tusks and are pre- 
served in three ways. Here is his first: 


When the ball hits the free portion of the 
tusk, if it only penetrates to a certain depth 
of the ivory, no change whatsoever can take 
place. 


Neither the cement nor the ivory can 
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be reproduced. In course of time the |} 
be obliterated, the ball may be g 
wearing down of the ivory, and the iy 
the hole may be strengthened by th« 
of new substance. When the 
by the ivory, but penetrates so far as t 
the pulp, the latter ossifies round 
ossified portion sooner or later bec 
oped in new ivory. If the ball penet 
pulp, the latter ossifies round it, and 
attached to the hole in the ivory. If 
is growing rapidly, and the nucleus 
bone does not speedily adhere to 
will ultimately be situated above th« 


ball is 


} 
ball may also pass across the pulp, and 
at last enveloped, along with its bony « 
in the ivory of the opposite wall. 

Even more important is his s 
description and explanation, whi 
be set out in his own words: 


In the second class of wounds, in y 
ball enters the pulp-cavity through th 
and side of the tusk, the consequent 


After Goodsir, 15 
FIG. 7. 
EMBEDDED SPEAR-HEAD 
THE SPEAR-HEAD HAS PENETRATED BOTH 
OF THE PULP CAVITY (THE ONLY R&I 
CASE), HAS DISPLACED THE IVORY ON THE 
WHERE IT ENTERED AND IN THE PULP 
HAS BECOME COVERED BY A TUBE OF 
IVORY. FOR EXPLANATION OF LETTERING 
MY TEXT. 


ay 
( 


IRREG( 








CROSS SECTION OF TUSK WI’ 
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; be the following: first, ossification of known ficures otf such n 1S ns in 
1) surrounding the ball, and the ultimate tusks of elep] ants It is also | iey | 
m of the mass to the hole in the t} C he’ 
7 . : . iat 0 eS account rt su 
and, as the latter is necessarily at this r - 9 : 
f its extent very thin, the hole is « osed;: earliest ever pudlls ad 
i, the application to the hole in the ivory, The right-hand figure s ws ap t 
| to the surface of the ossified pulp in it, of the tusk with both ends of the speat 
+ ¢ . , » internal surface of th 1 . . ~ 
ent formed by the interna rface of the head protruding, while the left-har 


sk-follicle. For although the ball may have 

removed or at least torn the follicle opposite 
ole in the ivory, yet, as the tooth advances 

, the socket, the ball will in time arrive at a 
ind portion of the latter. There is a speci 

on the table which proves that the 

inded portion of the follicle may p rform 

this duty sufficiently well. In this specimen 

external surface of the cement exhibits a 

ngitudinal fissure, with smooth rounded edges, 

esulting from the defective formation of 

ment in the situation of a longitudinal rent 

r wound in the membrane of the follicle, 

through which the ball had entered the ivory. 

The hole in the ivory then being plugged up 

xternally by cement, and internally by ossified 

. t pulp, the case proceeds as in the last class of 
ing wounds—the ossified portion of the pulp sur- 
rounding the ball becoming inclosed in true 


ry. 


His third explanation pertains to a 
‘oreign body which enters from above 
into the pulp cavity and hence does not 
wound the tusk. This class of bodies 
will be considered at some length in the 
next succeeding sections. 


Iron SPEAR-HEADS EMBEDDED IN 
THE TuskKs OF ELEPHANTS 





So far back as 1801, Charles Combe, 
of Exeter College, Oxford, gave an 
‘Account of an Elephant’s Tusk in 
Which the Iron Head of a Spear Was 
Found Imbedded.’’'*? This tusk was six 
feet long, weighed 50 pounds and was Sines tiie aon ss 














supposed to have come from Africa. pyqg g = LoncITUDINAL SECTION OF 
The tusk on being shaken gave out @ pL_EPHANT’S TUSK WITH EMBEDDED 


rattling noise about two feet from the SPEAR-HEAD 
base. It was cut in two in this region jeer 1s aN ON SPEAR-HEAD. 7 
and in it was found a much corroded ay 13 mnscnes WIDE. EMBEDDED IN A SHEATH O1 
men epeepteead. Combo’s fieures are encomnany sexvixe. Turee was norame 01 
5 reproduced herein as Fig. 5, the earliest ne exrerion OF THE TUSK TO° INDICATE 1 
PRESENCE. SPECIMEN IN MUSEUM OF THE ROYA 


12 Philosophical Transactions, Royal Society 
London, Vol. 91, pp. 165-168, pl. COLLEGE OF SURGEONS OF ENGLAND 














—After Tomes, 1914 


FIG. 9. CROSS SECTIONS OF ELE- 
PHANT’S TUSK SHOWING EMBEDDED 
SPEAR-HEAD 
THIS IRON WAS FIRMLY HELD IN THE INTERIOR 
WITHOUT EXTERNAL TRACE OF ITS 

PRESENCE. 


OF A TUSK, 


figure shows the much corroded spear- 
head as it was when extracted from the 
eavity in which it lay loosely. The pre- 
sumed manner in which it became em- 
bedded will be explained later. 

John Goodsir, in an extensive commu- 
nication on bullets found in the tusks of 
elephants (which has been considered at 
some length earlier in this paper), in 
1844 figured in his plate a tusk across 
the base of which he had found an iron 
spear-head embedded. He does not re- 
fer to this in his text but does make 
things clear in the extensive legends to 
the figures. In Fig. 6 herein, Goodsir’s 
Fig. 6 is reproduced. Here the reader 
will see the broken-off base of the shaft 
(a) of the spear. An irregular mass of 
material (b), which Goodsir states is 
cement, has formed around about the 
orifice of the wound. Had the shaft 
broken off deeper in, this cement would 
have closed the orifice with a cicatrix. 
This wound has stunted the growth of 
the tusk which is smaller and weaker be- 
yond the wound, as may be seen at c—c. 

Fig. 7 is a reproduction of Goodsir’s 
drawing of the tusk in cross-section 
through the pulp cavity at the base of 
the tusk. Here the spear-head is sepa- 


rated from the pulp cavity by the depo- 
sition of ‘‘irregular ivory’’ (f) around 
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it in the form of a tube or sort 
Siamese-twin ligature. Here is G 
sir’s explanation of figure and phenoy 
non: @ is cement; b—b, irregular j 
deposited after the tusk was wound 
c—c, regular ivory deposited subsequen: 
to the wound; d, irregular ivory en 
ing a vacant space; é, an abscess 
sinus continuous with the pulp eayit 
f, a mass of irregular ivory forming 
tube around the foreign body; g-, 
regular ivory which has bent outwar 
in drying. 

It may be noted just here that this js 
the only spear-head recorded (in 
literature known to me) as being found 
in any other than a longitudinal pos 
tion—.e., one running lengthwise 
the axis of the tusk. 

The next account of such matters | 
been found in the article by Bland 
Sutton previously referred to (191 
He figures a longitudinal section of 
elephant’s tusk containing an i 
spear head 74 inches long by 14 inch 
wide. His illustration is reprodu 
herein as Fig. 8. The specimen is t 
found in the Museum of the Royal 
lege of Surgeons in London.** 

The next account of an 
spear-head is found in the work 


embedd 


Tomes on dental anatomy previous! 
cited (1914, p. 544, fig.). In the se\ 


enth and last available edition of thi 
work, it is stated that this specimen was 
deposited by its owner, a Mr. Bennett 
in the Museum of the Royal College 
Surgeons. Tomes’s figure of this 
reproduced herein as Fig. 9. Here t 
spear-head has become immovably fixed 
in the interior of the tusk, there being 
nothing on the exterior to indicate its 
existence within. Tomes then quotes 
18 Neither this nor any other of the specim: 


noted herein as being in the Hunterian sect 
of this museum was described in Lowndes’ 


‘*Catalogue’’ of the collections of this museum 


published in 1893. They must have been pr 
sented later than that date. 
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sort I xleben that he know of another’ the bullets  beco mibedded s 
cimen. course clear, but not so t Is 

Henor similar work by J. H. Mummery, the spear-heads, save in on se (G 
ar lvor 1 ‘*The Microseopic and General _ sir’s It is now lt rder 1 xp 


ANC tomv of the Teeth Human and Com this and to show how ! 


Sequent 3 tive 7714 there is an illustration found much farther ti 
Y ENClos 10 herein) made from a_ photo were when first introduced. Some hints 
SCESS showing such a spear-head inclu have been dropped as to this for th 
. ; [his seems to be a new specimen lets, but the whole matter will now | 
ming er before figured or described Of made entirely clear 
4 Mummery writes: The explanation was fairly well set 
utwar head of the javelin and a portion of the out by one or 1 Hirst deseribers 
ift are embedded solidly in the ivory the phenome mn I S10) Con 
this js specimen was obtained from the ivory 180] writes is 
in the r by a merchant in the City, who could 
four t be persuaded to part with it but lent it t rhe most 1 
Baie t thor to be photographed. There are tw spe entered a 
. 5 what similar specimens in the Hunterian caminge . 
Museum of the Royal College of Surgeons found that t sks g ny ar 
—_ Dr. G. F. Kunz, in his interesting book | nag ager eb rege 
ap 1915) previously referred, states (p. wesaien thon a. i eieell aim 


224) that Mr. Charles H. Wood had pre- the tusk arises. We have then only t . 
he sented to the Buffalo Museum of Science that the spear struck, somewhat perpend 


| i number of tusks with embedded spear-  (“"?) oe -_ ee eee 
eads—probably the largest collection of canal wtih “a cee ia Aan 
. such tusks in America. As stated above, , ity of the tusk is placed 
, Dr. C. E. Cummings is planning a thor- _ neat! 
( iwhgoing report on these inclusions. The presences ;' » oe 
substance hiel s i i 
. How BULLETS AND SPEAR-HEADS ComMI a o . = ‘ a = 
ded ro BE Founp Far Forwarp IN oe he pi 
THE Souip Ivory ti prevented by the resist 
lhe facts as to these inclusions have ue | Sag Des 
: en set forth The manner in which rete : 
d., London, 1924, p. 231, text-fig bor ‘ 
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In his ** Text”’ 
to either 


| closed In the 


(Owen makes ho 
bullets or spear 
ivory of elephants’ 
n fact, he does not seem to have 


of the latter, since he makes n 


ret ce even to Combe’s paper How 
his *‘Atlas’’ he ele 


’s head and tusk in section to show 


figures an 


tusk is implanted and 

ts relation to the other bones 

ad. His drawing is 
nas my Fig. 11. 

In his long explanatory legend for 

s figure he effectually makes clear the 

head, the 


the bullet and how it is progressively 


structure of the penetration 


‘arried outward toward the tip of the 
tusk Here IS his explanation 


yw the spear-head reaches the elephant 
nd gets into the pulp-eavity at the base 
the tusk. This is supplied by Tomes 
1914, p. 543-544) as 
specimen in the Museum of the Royal 


{ ieve of 


- i 


Surgeons: 
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‘ Sct { ~ ? ! ’ 
‘ with the I s na S s 
sid the itte x! ng ~ « j 
¥y exposed | ngitudin 
lotted line throug | | 
t shows where a | might penetrat 
Cavity and lodge at the opposit sic 
surrounded by osteodentine, st 
ry; and by progressive growth of the 
afterwards carried n ti direction of 
row into the middle of the solid exserted 
the tusk The eontir tio he d 
ne shows he he | f | netrated 
se of the tu f ! phar 
g n itely be s« rged FE 
Still the question is unanswered as to 


follows for the SI 


MLEPHANTS 


) i) 
to be presumed that a trap was set with 
vily loaded spear, or that it was dropped being dr ! ! ! 
hand| from a tree, with the intention of this case f the s 
ring the brain of the animal as it was Roval ¢ eg S 
going to water, both of these methods of killing rated [eas hroug 
phants being prac ticed in Africa some delicate ear S . 
sas many as 100 natives are posted in trees Itipl . a 
irmed with loaded spears, the elephants broken off t ! 
‘Odontography; Atlas,’’ 1845, pl. 146, of the g 
+ raf t? 
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ron part appears to have broken off ['jo, & herein, and also t 
from the loaded handk his did not destroy 
, a in other paragraphs 
he pulp, | t tooth continued to grow, and : 
eigee Mummery makes essential 
? ? 
he ron part neas ng no less than by ] . el 
a J npletely enclosed that Statement as Tomes, but ne 
there was nothing upon the exterior of s Tomes gives a figure showing 
to indicate its presences ous, native method of hunt 


lack, has, however, been sup 
This particular spear-head referred to, Bland-Sutton (1910). whos 

it should be noted Just here, is the one is reproduced here as Fig. 12 
refigured from Bland-Sutton (1910) as That this is not a fancil 
may be found by consulting a 
book of adventure and hunti 
central Africa, more narrow 
Congo. Thus Reginald D. ¢ 
his ‘‘Hunting and Hunted in 
gian Congo,’’'® says of the nat 


of capturing elephants that 


One of these is To se a ong, 
spear, the wider part of which, 
near the shaft, is general barbed 


behind this a large mass of clay 


grass or strips of bark-like bandages 
round the shaft, someti s the ’ 
by a section of hardwood tree of gre 
The whol thing, with shaft and | 
sures some seven or eight feet n 
ise this the wily natives ! | 
overhangs the path taken | tl 
when going down to the river 
and as the game passes nder 
weapon is driver ! ! n t 
with the heavy weight | nd it ti t 
penetrates to a great depth "he 
trving to free tself yf te } der ’ 
the tree trunks and branches: this 
matters worse Tf t! I te I 
s be ny dragg a l nflic ng 
yund Event ist dr | 
T hlood nad ~ l 





Nyy ot eS owever the dr | 
Photograph by Herbert Lan: - — ee : Ais ae 
stead of being discharged, so 
‘ . > , Tp > rh , 

FIG AN ELEPHANT TRAP IN THE by a native, is tripped by the 
FOREST SOUTH OF MEDJE, BELGIAN «(oe 


tse This mechanism is 
CONGO 


by another traveler in the Congo, ¢ 
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THE SPEA os E 1 London, 1924, pp. 83-84 
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s pass : " If suel Sp 
’ Ss nm ¢ I . if : 
= pl int Ss SKU t . 
vy chose! g } } } 
; 7 tusk S SI ! ] {) 
f rdens he yy s | l nh pos and l l ‘ ‘ 
K fores I l pe pass ay im) Were hy Ke ~ ~ 
ent branel ra Ss ‘ the spear-| D hawr we A 
pose At the end : “a nt t} nel ’ } 
y which is ingeniousiv adju 1 : I ! 
nd betwee wo 8 s d nt growth processes it wou ly red 
or betwee two saplings, 0! me : Ivory and carrie ! L 
side of the track. Stretched tight of the tusk, as is p Figs &, 9 
pat is a trigger-rope, one end of 
patl PEL and 10 
s attached to the peg which keeps the ne 
ontrivance in positior ind upon the Phe exact method : i >} 
istment of which depends success An) head is transferred forward 
tripping over the trigger rope unhitehes solid part of the t s admit 
anc st T I asses the og ind (+) o» 
and instantly elea gr by Mummery 1994 p. 2 1] ; 
rhe trap Is kept inset with the yy I . ‘ 
t Qn some suitable I hea tl il persistel - y 
nts are raiding the crops the natives g teeth forming 
x the trigger | ng iy at the times gives rise to ré , . 
some safetyv-catch on the peg. Whe i ises i 
1 retires t the forest ! het s ul is bee! 
re to be easua spear } 9 
growing end ! 
Neither of the authors Just quoted nor been so great f 
if the other books consulted give an I i ‘ ' 
. f ward by } g ' 
istration of such an elephant trap ¥ S 
[ am fortunate in being able to seat: Hie , ag 
supply this deficiency. Such a drop-log . » 1 
its spear and two lianas acting as a graph, ng Fig 


is admirably portrayed in a pho 


vl iph made by Herbert Lang, leader , 
American Museum’s Congo Ex ie Bee thee stated tor hat 
tion 1906-1915. This photograph Sutton and Tomes that. so 5 
0 13 shows this effective apparatus tives stationed . » 4 
s set up by the natives in the forest paths, drop by hand ded oo 
if Medje, Congo Belge the heads or ‘Tease f elevhante 
lhe tremendous blows struck by these pone of brineiy 
vily weighted spears can be realized This i be a 
the following (unverified) quotation \,)qen Plas in his Fie Wetion 
Bland-Sutton from Stanley.—‘On pp, Kykus of ¢ ern 
road before leaving the bush, we gcciong Se era 
ssed a place where an elep!| ant spear trees as noted 


fallen to the ground, and buried goyy on the pass 


f so deep that three men were un eS ap 
to heave it up Such a force, we mallv used ail 
ied, would have slain an elephant cas Riciialin ail tcnie eatiane 


e instant.’” This was found April 14 jyehes Jone In 
: 1888, on his second journey from —_ dae 


rt Bodo to the Albert Nyanza, shortly yfonographies Ethnog 


r reaching the Ituri River 
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a bast or hatt nserted 0 

] + | 

bamboo sha ihese si 

is ) | 5 | ! hes ne 
ower I ne si S } 

pl int } cle ry | na 


Iw phant s] rs s 
vere brought back fron 
the Congo by Lia ( 
tion elsewhere reterred 
in the collections of the A 
seum | have examine 


have lone blades and heav: 


or } teet lone. and CUrlousS 
that part of the shaft 
spear-head is attached has b 


In some sort ot material and 
over with antelope Sk 

One of these spears is p 
Kig. 14 


inches long and 2 wide mn 


The head ot th S SD 


The handle is 423 inches long 
larged and weighted lower end 
3 wide 


l 
i 


73 inches long by 
covering of hide is without 
seems to have been pulled Ol 
ing. Under this is another 
ering The grip end of th 
shaft is covered with grass and 
the whole closely wrapped 
liana-like material, presumably 
weight and a firmer hold for t} 
Attached is a leathern sheat 
and protect the blade. This ¢ 
Karadje, Belgian Congo. Dr 


Chapin has examined this sp 
identified it as an elephant sp 


tended to be dropped by ham 
tree. 


That these accounts are cor 


be seen In Fig. 15, a native Cong 


graph from an elephant’s tusk 


back by Herbert Lang, leader 


American Museum Congo Expe 
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HUMAN POSTURES AND THE BEGINNINGS 
SEATING FURNITURE 


By Dr. WALTER HOUGH 


~ TATIC 


IN the long history of man before the 
periods marking important advances in 
his arts, there is as yet little known of 
his manners. Any conjecture as to his 
postures at times of rest must depend 
largely upon observations on men un 
conscious of civilization. Fortunately, 


there have survived groups of races. 


such as the Australians, pocketed off the 
main current, whose habits may be a 
tentative index to those of men of the 
archeological periods 

At the same time there run parallel 
with these data other data that grew out 
of physical conformations of the body 
after the assumption of an upright pos 
ture, that is, postures which have be 
come functional and assumed eventually 
the order of instinets The latter are 
only noticed here, and it is not intended 
to enter into the consideration of pos 
tures that have been adopted during an 
increased artificiality of life in various 
environments. These postures may be 
referred to housing conditions of primi 
tive social life, on flat areas of cave 
floors or domiciles, to rest positions on 
the hunt, march or camp; or to positions 
required at work. These are a direct 
response to man’s physical needs, due to 
his aequired sitting posture. We cor 
sider that man’s natural position of re 
is squatting, sitting, kneeling or lying 
down. <A winded athlete or any one 
with faulty respiration assumes a bent 
posture and later a sitting position, | 
not an erect posture. 

Three ty pe postures can be recognized 
squatting, which would be indicated on 
bad ground in any climate, practiced 
generally by men as a rest position, 


7) 


A 


~ 


SEUM 


coupled with ease of going 
and also a convenient pose 
classes of work The secon 


ting, with legs at sides, or 


extended more or less, or Grosst 


or crossing each other The 


generally woman’s posture, 


dicated in warm climates < 
smoothed camp or floor area 


conditions. The third post 


y” yy? 
mm Dp 


S ll 


ure 


ing, generally transitional or re« 


certain arts. It is sometime 
mixed posture with one kne¢ 
deneces a reduction of heigl! 
and the application and co 
plied force in various work 
ticed by both men and wome 


1) 


With these postures wil 


a fixity of eustom for a long 


which an artificial seat is 
man keeping close to thi 
sitting on a ledge, stone, t 
suitable article. The emy 


Sa 


ul 


l¢ 


| 
nrre 
mat 
biti 
n 


) 


) Vi 


definite artificial aids satist 


natural need did not revea 
social organization b came 
plex. 

The generality or tree-mo 


maintain an alert posture 


Vill 


conditions, this being broadly a 


sity to survival in the ** toot] 


organization of naturé 

structures and tremendous 
relegate some animals to 
grade, seen in the majority 
low the vertebrates, except 
in some other elasses of life 
f 


nal encasement substitutes 


ton. 


It is not remarkable, then, that 


early stages of man there 
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or the 


survive 
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SEAT OF THE SUN GOD. MESOPOTAMIA 
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ANCIENT GREI THRONE CHAIR. BERLIN MUSEUM 
alert posture habits or instincts, and nfluences that nature projects 
that these have become softened in the the consideration of the question 
artificial organization of society which the geometries of the house 
secures periods of ease under protec- mere physical anthropologic 
tion. sions. The within of a hous 


Of the appliances with which man _ doubtedly caleulated in its various 


ministers to his comfort we may mention dimensional extensions to cont 
especially his sleeping and seating furni- limited number of human beings 
ture. Before these, even the essential essential movements and postu: 
fire steps into the background. It is not also limited. Observations sho 


saying that to be housed a man requires’ living in a house at certain pl 
fire; attention is merely called to the culture, say of the Bronze Age. 


accommodation of the house to man’s greatly from that of later times 


physical frame at rest and not to the Pointing out the greatest d 
matters of heating and cooking. we present the fact that in early 
The house itself is not here considered. the house was only a portion 


whether the act of sheltering artificially doors, home life and open-air 





IS an unconscious reaction to exterior in an unequal ratio. The hous 
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ONE-LEG STOOL. CONGO, AFRICA. 
the occupants and the central fire, if 
maintained, would raise the temperature 


of the house, and the ban 
te served also to elevate the sleepers 
the eold floor the 
air. That first 


was put to practical 


of the air 


quet 


from into zone of 


warmer this knowledge 


heated air use is 
unquestionable, as Eskimo examples of 
the high The bank 


saved the sleeper also from rodents and 


banquette show 
thus served as a protection 

The the 
benches and beds as house 
but 


forerunner 0 
not 


is 


banquette 
furniture, 


universally, in some environments 


and particular advances in cultur 
peculiar to these environments. The 
line is clear, say in England, but would 


not apply to the ancient customs descend 


ing in the East in the use of eushions 
and mats which conserve the state of 
affairs in the time when man kept close 
to the ground. 





en 


AFRICA. 
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The Orienta ibit of 
cushions may be traced pres 
the necessities of a pastor: 


constant moving 


involve the 


to place WIT! the herds ana 
an existence in the oper 
down house furnishings to 
This, it is presumed, was tl 
of some nations not all w 
possess rigid seating furniti 


vast hordes that swarmed 
toward the Mediterranean 
waters of the East were of the 1 
type. The pastoral peoples o 
East were also. ot This Class 
Mahommedan conquests of t! 
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THE STORY OF THE ISOLATION OF CRYS- 
TALLINE PEPSIN AND TRYPSIN 


By Dr. JOHN H. NORTHROP 


oO ' 
ti ft most striking pecu i? S nel 1SO7 S 
¢ things is the rapidity and pre tion of suear eon . 
with which the che mical char ves extract containing } S 
irv for their existence are carried vas venerallyv adn 
The process Ol divest on IS H WAS essent |} , . 
example. Proteins are split i It had been sus 
mach into muel smaller eom Buel ner that tl S 
s, and this process is continued in — evestion was duc 
small intestines. The final products — ¢haracteristie substa) _ 
rl cisely those needed for the nutr 1836 di wie -_ =e 
5 he animal and at rmed from of sueh a substar na . 
} . henatl { 
ms \ ttle | lit CVOLUTLO ) ; +s 
vith hi ition name of pepsi he ex 
f xpenditur f energy Phe trypsin had also been susp 
ess can not be duplicated in the 440 nineteenth century. but was 
itoryv, since chemical hydrolysis of = - ‘ : 
. . : lite V assumed > CXIS in tl Tl! 
] > id . 
ns viel fferent ‘ocdnets ; : : 
vields different produ ind in, opvisart ond of Kin 
is¢ “AT . of hd e | \ 
! can he ac mplisl d on \ by present name A ree number 
ent treatment and the expenditure | 
NZ! n < " © } ge 
msiderable enere\ Similar exam f+] 
f the effielene, tf the reactions 
' SSUTI s S ! . 
take place n the animal could be 
' curred an enzy) IS s : 
phed indefinitely It is now 
: : . hem, f 1 ! ! 
vn that these specie accelerating 
; . Be I 1c ALS 
S wl lel IVIne «Fe Ss every o1 The rr 
T ] ? ~ 1] 
S occeurrin thi Nn nad 
t i mp s t ( 
¢ 1 i api ~ 
nity i l } } 
question : 
mmounts son SLLDS nees 
+} 
by the living and whi » tha 
con TX bh Known iS @nZVMes — a ? 
VIS ) ~ 
them lit uid not exist and ' 
TI nS ves ! ) t VI I Ssulp 
nturies Is prop } st. 
’ vas reearded iS a process { In ft . ’ 
tivitv entn ly outside t hi, . iin ma tn } ? 
cperimenta! scence Evidence Tions wel a 
lly accumulated however. th ol sma amounts { het . ac 
that the liy ne cell was 1 neces pparentiy 1 K 1 
r some, at least. of these charae reaction, and Bei s pointed 
reactions: and one cys atter tne propre rries of Thess sTpst 
er was found in which the reaction strikingly similar to t = 
be made To take place without the avents Toul cl } } S ae ’ 
e cel] But it was not until Buel the genera phenomenol il SIS 
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molecules but do not carry this process 
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Itimate building stones of the protei 

uitimate building stones of the proteins 


Along 


there are marked changes in the 


far as the amino acids which are 


as 


these chemical changes 


with 
physi 
eal properties of the protein. If the 


protein is originally insoluble it is dis 
solved rapidly by the enzyme, and if 
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psin differs from pepsin in another 
spect in that it attacks denatured 
teins, @.¢ proteins which have bee) 


ed, very much more rapidly than 
native protein Both enzymes pos 
the striking property of destroy 
¢ dead cells rapidly but are not in 

us to living cells. The puzzling 
hat the stomach and small intes 
although composed largely of pro 
are not digested, even though very 
| digestion takes place in the solu 


with which they are in contact 


in example of this peculiarity. <A 
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INHIBITION OF TRYPSIN AND PEPSIN 
DIGESTION 
It was mentioned, in discussing thi 
peculiarities of pepsin digestion, that 


the course of the reaction was not what 


would be expected from ordinary chem 

cal theory. It has been found that the 
quantity of protein digested per minute 
decreases rapidly as the reaction pre 

ceeds. This peculiarity is caused by th 
inhibitory effect of products formed 
during digestion on the activity of the 
enzyme. It may be strikingly demon 
strated by adding increasing quantities 
of these products to the protein solution 
before the addition of the enzyme. The 
more digestion produets are added the 
slower the digestion; and in the pres 
ence of a large amount of digestion 
produets practically no digestion oecurs 
The enzyme-protein system in some re 
spects closely resembles the toxin-animal 
system, since the enzyme causes the for 
mation of substances which protect the 
protein from the effect of the enzyme, 
just as the injection of toxin into an 
animal results in the production of anti 
toxin, which in turn proteets the animal 
from the toxin. The enzyme inhibitor, 
however, 1s not nearly so powerful as 


some antitoxins nor is it protein 


CHEMICAL NATURE OF PEPSIN AND 
TRYPSIN 

While the behavior of enzymes has 
been systematically worked out in the 
last 40 or 50 years, very little advance 
has been made in the knowledge of their 
chemical nature so that it has frequently 
been assumed that they represent an 
unknown elass of compounds. Indirect 
evidence has been obtained, however, 
that some, at any rate, are proteins 
The rate at which they are destroyed 
by heat. for instance, is character 
istic for the effect of temperature on 
proteins. The fact that they are ad 
sorbed on finely divided particles is also 


a property of proteins more than o! 


Inany other classes ot compoul 
sin, In particular, seems to hay 
like characteristics, and in 
haring isolated an amorp 
from gastric juice whiel 
active and which he consider 
pepsin itself. He was unabl 
to show that the material w 
substanee, and the view that t} 
was really the enzyme was 
cepted. The writer has repe 
haring’s experiments severa 
the last 15 years, but until r 
never been able to carry the p 
any further. In the meantin 
reported the isolation of 
protein from beans which ap 
the enzyme urease 

Nearly all attempts to isi 


have been done with relati 


la 
quantities of material and 
dilute solution Absorption 
have also been extensively 
enzymes really are proteins, 
not favorable conditions for th 
tion, since proteins are extre! 
stable in dilute solution and 
injured by adsorption on surfa 
attempt to isolate pepsin was 
dertaken three years ago Trom 
of view of protein chemistry, us! 
those conditions under whicl 
are relatively stable, 7.¢., cone 
solutions and low temperatur: 
method was based originally on 
Pekelharing. The last step 
haring’s preparation consisted 
ing a protein fraction from gast! 
against dilute acid. Under tl 
ditions a white precipitate 1s 
which is a protein and whicl 
most of the activity. This prote 
times appears in a somewhat 
form and under the microseop: 


+ . 


though it mieht be trving LO 


Many attempts were made 
lize the protein without success 
noticed finally that this preeipit 
solved if the suspension were 


to 37° C. and reappeared aga 
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ling. These are good conditions for 
the formation of erystals, and the ex- 
neriment was repeated under varying 
-onditions and especially with more con- 
entrated solutions, since crystallization 
ceneral readily from 
ntrated than from dilute solutions. 

A more concentrated suspension than 
sual was warmed to 37° C., and this 
ution was allowed to cool slowly to 
The next 


occurs more 


room temperature in a beaker. 
rning it was found to contain several 
erams of beautifully formed ecrytals in 
e form of double, six-sided pyramids. 
They were tested for activity and found 
be highly active and also to be pro- 


The activity is about 5 times that of 
the most highly active commercial prep- 
aration and the protein 
which ean be transformed by the enzyme 
An ounce of the 


quantity of 


s quite extraordinary. 
rystalline pepsin under favorable condi- 
ions would digest about 114 tons of 
boiled egg in 2 hours, or would clot 
about 600,000 gallons of milk, while it 
would liquefy about 10,000 gallons of 
imitate 


+ 


gelatin in the same time. To 
these reactions by chemical means would 
require a great deal of work and violent 
methods, but the enzyme accomplishes 
it without any heat effects and, what is 
still more remarkable, without anything 
happening to itself. So far as can be 
determined it is present after it has done 
its work just as it was when the reaction 
was started. 

Only small amounts of the crystalline 
material could be obtained by this 
method, but it was found possible to 
modify it and eventually to dispense 
with the dialysis which is the most 
troublesome part of the method. The 
crystalline protein can now be prepared 
from commercial pepsin preparations 
simply by fractionation with magnesium 
sulphate and then with the proper con- 
centration of sulphuric acid. The pro- 


tein erystallizes very readily, in fact 
much more readily than most proteins 


and it is easily possible to prepare ha 
a pound in 2 days A method was 
therefore, at hand by which large quan 
tities of erystalline protell having pow 
erful proteolytic activity could be pr 


pared. 
The next question was whether or not 
this digestive power was rea ly a pr 


erty of the protein or whether 


due to the presence of more highly 
molecules accompanying the _ proteii 
This question ean be answered in 
ways. If it ean be shown that the 1 
terial is a pure substance or, in ot) 
words, that it contains only one mol 
ular species, then it follows that tl 
protein-like properties and digestiv 


attributes of the 


properties must both be 


same molecule. Unfortunately, it is not 
possible to furnish definite, positive 
proof of the purity of any substane It 


can only be stated that so far it |] 
impossible to separate it into two o1 
more substances, and thi 
be made with respect to pepsin. Thi 
composition, optical activity and diges 
tive activity remain constant through 

T! ~ 
would usually be considered s itisfactory 


7 successive erystallizations, and 
proof of the purity of a substance 

As a result of these experiments it can 
be said that no indication was found 
that the material was a mixture by the 
Owing to the fact that it is 
a protein, however, it 
that the crystals are 
related 
between protein and activity may, 


usual tests. 
is quite possible 


a solid solut on ol 


several proteins. The relation 
] 


ever, be tested in another way by com- 
paring the activity with 
destruction of the pre tein. If the 
other m 


loss in the 
activ 


leeul 


it seems 


ity were due to some 
associated with the protein 
probable that conditions could be found 
which would decompose or change the 
protein molecule without affecting the 
activity, or whereas if the 
activity were a property of the protein 
molecule itself it would be expected that 


affected the 


vice versa, 


anything which protein 
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molecule would also affect the activity. 
It was found that this protein was de- 
natured, that is to say, changed into an 
insoluble form, in very dilute alkali. 
This is quite unusual for a protein. A 
careful study of this reaction was made, 
therefore, and it was found that the loss 
in activity was just proportional to the 
amount of soluble protein transformed 
into insoluble protein when various 
amounts of alkali were added. 

If a solution of pepsin is allowed to 
stand in dilute acid at 30° C. to 50° C. 
the protein hydrolyzes slowly so that the 
quantity of protein in the solution be- 
comes less and less. Under these condi- 
tions it was found again that the de- 
crease in activity was just proportional 
to the decrease in the quantity of protein 
present. Finally, it was found that the 
denatured protein formed by the action 
of alkali could be changed back, at least 
to a small extent, to the soluble form by 
allowing it to stand for some time after 
the alkali solution had been partially 
neutralized. The soluble protein recov- 
ered in this way has the same activity as 
the original protein. These experiments, 
therefore, show that when the protein is 
denatured the activity is lost and when 
the protein is hydrolyzed the activity is 
also lost, and, furthermore, that none of 
the products originating from the 
hydrolysis of the protein have any ap- 
preciable activity. They are very good 
evidence that the activity is really a 
property of the protein molecule. 

There seems reason to believe, then, 
that pepsin (and probably urease) are 
proteins; but evidently, since there are 
many hundreds of enzymes, it can not 
be concluded at once that all enzymes 
are proteins. There is some reason to 
believe that trypsin is also a protein, 
since it has been known since the time 
of Kiihne to be associated with the pro- 
tein fraction. In fact, it had been sup- 
posed by some workers to be a nuclear 
protein, but Levene was able to show 
that this was not the case. 


An attempt was made to co 
methods used by the earlier 
and to isolate a crystalline prot 
pancreatic extracts. The 
turned out to be a difficult on 
great deal of work was done be! 
encouraging results in the way 
a erystalline product or a pr 
constant activity was obtain 
most hopeful method seemed 
combination of fractionation w 
and salt, as was done in thi 
pepsin, but with trypsin it wa 
sary to use ammonium sulp 
protein fraction was eventually obt 
which had a constant activity 
some indication of erystallizati 
work was made difficult by t 
unstable nature of the prot: 
unfortunate property made 
ble to allow a solution to stand f 


i+ 


} + 


than a few hours, so that 
process of crystallization, whi 
sists in allowing a solution t 
trate or cool very slowly, eould 
used. After a large number of 
cessful attempts, Dr. Kunitz was 
secure definite, regular crystals 
very cautious addition of strong 
nium sulphate to rather cone 
solutions of the protein. The 
are rather small and are of tl! 
system. The proof that this mate 
a pure substance is still more 
than in the case of pepsin, sinc 
more unstable. A large number of 


bility experiments were carried out 


the results were not entirely sat 
tory, as it was found impossible t 
plete the experiments quickly en 

avoid partial decomposition and 
sponding loss in activity. The 
solutions, therefore, always cont 
more or less inactive material 


during the progress of the experi 
] 


themselves. Several series of solu! 


measurements were carried out, ! 
theless, as rapidly as possible ar 
6° C. They were disappointing i 


they indicated clearly that the pre] 
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tion was a mixture. To confirm this 
renal a study was made of the changes 
n activity when the protein is dena- 
tured, as was done with pepsin, except 
that in this ease denaturation was car- 
ried out by heating in dilute acid. The 
trypsin protein when treated in this 
way becomes denatured and insoluble. 
This experiment showed clearly that the 
preparation, although crystalline, was 
undoubtedly still a mixture, since a con- 
siderable amount of the protein could be 
coagulated and removed from solution 
without decreasing the activity of the 
solution. As the heating was continued, 
however, and more and more insoluble 
protein was formed, it was found that 
the activity began to decrease about in 
proportion to the formation of insoluble 
protein. It appeared, therefore, that 
the original preparation contained two 
proteins, one of which was easily coagu- 
lated by dilute acid and carried no 
activity with it, while the other one was 
much more resistant to acid and was 
associated, at least, with the activity. 
These results furnished also a further 
method of purification since, by heating 
the erystalline material in dilute acid, 
about one third of the protein could be 
removed without loss in activity. Con- 
siderable amounts of the preparation 
were treated in dilute acid in this way 
and a second preparation obtained 
which was about twice as active as the 
first one. It erystallizes more readily 
than the first preparation and the crys- 
tals are similar. The purity of this 
material was again tested by solubility 
measurements and the results were more 
satisfactory than with the first prepara- 
tion but still not really convincing, 
owing again to the very unstable nature 
of the substance. The loss in activity 


when a solution of this substance was 
heated in acid was just proportional to 
the amount of native protein changed to 
denatured. 

The protein is rapidly digested by 
pepsin and several careful experiments 


were done in which the amount of tryp- 
sin protein digested by pepsin was com- 
pared with the loss in activity. They 
showed very clearly that digestion of 
the protein with pepsin resulted in the 
loss of a corresponding percentage of 
the activity, so that whenever a mole- 
cule of the protein is digested by pep- 
sin it loses its tryptic power. There is, 
then, no evidence that the 
resulting from the 
trypsin have any tryptic 
varied by allowing 


products 
action of pepsin on 
power. The 
experiments were 
the preparation to digest itself in dilute 
alkaline solution. Under these condi- 
tions also the decrease in the protein 
concentration is exactly parallel to the 
decrease in the activity of the solution 

It was found by Mellanby and Wolley 
that trypsin solutions possessed the re- 
their 


nearly to 


markable retaining 
activity after being heated 
boiling for a short time in dilute acid 
The solutions of crystalline trypsin may 
also be heated for a short time nearly 


property ol 


to boiling without any loss in activity 
and, what is still more remarkable, wit! 
out the formation of any denatured 
protein. This result is obtained only if 
a solution is allowed to cool before being 
tested for either denatured protein or 
activity. If the solution is tested while 
still hot, it is found that the protein is 
all denatured and, in addition, that the 
solution is inactive. It is possible to 
show, therefore, that the formation of 
denatured protein is accompanied by a 


loss in activity and, what is more sig- 
nificant, that the reformation of soluble, 
native protein from the denatured pro- 
tein is accompanied by recovery of the 
corresponding activity. As in the case 
of pepsin, therefore, it is found that 
whenever anything is done to the pro- 
tein molecule the activity is lost and 
that, on the other hand, when the de- 
natured, protein is changed 
back into soluble, native protein the 
activity is regained. If it be assumed 
that the activity is due to some special 


inactive 
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active molecule, then it must be as- 
sumed in addition that the conditions 
for inactivating these hypothetical mole- 
cules must be the same for denaturing 
the protein molecule and also that the 
conditions for rendering the hypotheti- 
cal molecule active again are precisely 
the same as those for forming native 
protein from the denatured protein. 
The behavior of proteins in general is so 
peculiar and characteristic that it is 
extremely unlikely that any other type 
of molecule would be affected in the 
Same way and to the same extent so that 
the possibility that the activity is due to 
a non-protein molecular species present 
appears very remote. It is possible, on 
the other hand, that the preparation is 
a mixture or solid solution of several 
closely related proteins and that only 
one of these is active. 

The general properties of pepsin and 
trypsin which have been determined by 
these experiments show that they are 
similar in many respects to hemoglobin. 
Their peculiar ability to digest proteins 
is lost as soon as any change, such as 
denaturation, is made in the molecule. 
The denaturation of hemoglobin like- 


wise results in complete loss of 
acteristic property of combini: 
sibly with oxygen. On the ot 
some of the properties of her 
such as its combination wit! 
monoxide and its characteristi 
tion spectrum, are retained by 
natured form and even to son 
by pieces of the molecule w) 
hydrolyzed. In the case of pe; 
trypsin there is, at present, 1 
tion that any of the pieces of 
cule retain their digestive p 

is quite possible that more 
search would show more or less 
associated with one of the decom 
products. The peculiar prop 
hemoglobin are known to be du 
presence in the molecule of a 
istic group which differentiates 
other proteins. It is quite possil 
the enzyme proteins likewise ¢ 
characteristic group, but so far 
dence has been found for its e: 
They are, however, quite different 
other known proteins in many r 
and this difference must be due t 
characteristic difference in ¢!l 
structure. 














“TRIAL AND ERROR” 


By Dr. W. L. SEVERINGHAUS 


ASSOCIATE PROFESSOR OF PHYSICS, COLUMBIA UNIVERSITY 


A CAREFUL reading of the history of 
science shows that its real progress was 
subsequent to the introduction of un- 
prejudiced experimentation. In this 
method, when at its best, the experi- 
mental results were obtained and ap- 
praised with an open mind. From these 
results basic explanations were sought 
and resulting hypotheses and theories 
proposed. Further observations dis- 
closed that the first theories were either 
imperfect or entirely wrong. There 
often arose several theories which were 
in themselves contradictory, that theory 
being used which seemed best fitted to 
the particular problem in hand, while 
the others were, for the moment, forgot- 
ten. So it has gone on through the 
centuries, never arriving at the com- 
plete understanding of the real nature 
of things. This is the apparently dis- 
couraging process in the life work of the 
scientist. After long years of such a 
program one is tempted to exclaim 
‘“What price knowledge!’’ 

In a public address in New York, I 
one time heard John Galsworthy say 
that the solution of every problem raised 
a new problem more difficult than the 
first. He cited as one example the 
‘“‘plumbing problem.’’ It was a long 
and difficult job to learn how to bring 
to a large city plenty of fresh water and 
how to dispose of the sewage. But the 
problem was finally solved, and the re- 
sult was that apartment houses and 
buildings 50 stories high were made pos- 
sible. As a consequence, a huge popu- 
lation was cared for in a very limited 
area, which in turn resulted in a trans- 
portation problem for the subways more 
baffling than that of the plumbing. 

A student just entering upon a rather 
prolonged sequence of studies in physics 
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once stopped me after the lecture and 
said: ‘‘] am disappointed. I have bee: 
taking courses in the social sciences and 
have grown weary of having one man’s 
[ had hoped 
that physics had arrived at answers that 
were final, and then early in the se- 


guess as good as another’s. 


quence you contess, with not too great 
embarrassment, that the answers to 
many proposed questions are not known 
and that the physicists are even divided 
in their opinions.’’ That is a real dis- 
appointment and it is to such disap- 
pointed minds that these few remarks 
are to be primarily addressed For 
those who have never experienced that 
distress this discussion may have little 
interest. 

Carved over the portal of one of 
America’s greatest biological and geo- 
logical laboratories, great not in cubic 
feet but in scientific achievement, is the 
age-old admonition and _ promise, 
*““Speak to the earth and it shall teach 
you.”’ At first that sounds very hope- 
ful, but soon the shrinking questions 
arise: “‘Isn’t Mother Earth rather large 
for me to speak to? And 
where is her ear? 


anyhow 
And what language 
understand?’’ One 
skeptical and says: ‘‘Earth can’t teach 
one anything. One must sit with one’s 
thoughts and figure things out by cold 
logic.’’ It is my purpose to demon- 
strate that while Mother Earth may 
sometimes leave one cold, such unaided 


does she crows 


logic leaves one colder if one is inter 
ested in the world of events. Let us 
admit at the start that although by 
neither method may one hope to arrive 
at the final whole truth, yet one may 
ascertain which of the two is more fruit- 
ful in its by-products. 

It would appear obvious that the ac- 





quisition of knowledge presupposes a 
certain amount of interest in the world 
and its problems. Given the required 
curiosity, nature itself furnishes the 
laboratory and equipment for endless 
observation, and the discovery of a new 
phenomenon will always result in a 
peculiar kind of joy. The phenomenon 
may not be new to the world and yet 
the independent observation of it is 
gratifying. 

Allow me to give a few very simple 
illustrations from my own experience. 
I was looking at a common variety of 
coleus plant on our window sill and 
suddenly observed that the stalks of this 
plant were of square cross-section, with 
the edges quite sharp. That seemed 
very remarkable and wholly inexplic- 
able. Not that I understand why they 
should be round, but I certainly could 
not understand why they should be 
square. Not long afterward I was sit- 
ting by the side of a botanist at the 
dinner table and decided to inform him 
of this discovery, hastening to ask 
whether there were many such plants. 
I confess that some of the thrill of the 
discovery left me when he told me there 
were perhaps a thousand or more, and 
that all members of the mint family had 
that peculiarity. I then asked him how 
such growth could take place. Were the 
individual cells perhaps square-cornered 
erystals? He replied, ‘‘Now you are 
raising a real question about which 
there is much discussion.’’ 

One of my greatest pleasures out on 
Cape Cod consists in throwing out bread 
crumbs to the birds and watching their 
table manners. They are mostly spar- 
rows, old and young, with the young 
ones continually begging their parents 
for bread, even after they are able to fly 
with ease to the ground and back to the 
trees again. But the parents seem to 
enjoy it as much as the babies, so long 
as there is plenty of available bread. 
There are always a few babies so well 
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fed that they grow and grow unt 
are several times the size of their 
In fact, they turn out to be n 
rows at all but cowbirds. Resort 
the bird book, I find that one of 
inspiring habits of the mother e« 
to lay her eggs in the sparrow’s 1 
let the unsuspecting sparrow ha 
rear the young. The conclusion 
while the sparrow may or may 
dumb, it is certainly the friend of 
lings. 

One more illustration will sufi 
show the gracious way Mother Ea 
has of teaching, if one will onl; 
to her. We were lying on the s 
trying to get sunburned and ¢ 
scratching around in the sand, w! 
member of the party cried out wi 
siderable animation, ‘‘Oh, look at 
It was a little greenish pod as larg 
one of the beans in a lima bean pod 
side there were ten tiny but perf 
plicas of shells commonly found 
shore, about the size of the fold 
We took it along to Woods Hole and 
terviewed a biologist. His remarks 
something like this: ‘‘That is a 
nice sample and I should be pleas 
take it into the class. They hay 
had much luck finding them this 
mer. It is a snail or gastropod ar 
name is Busycon Caniculatum, s 
times called ‘sea whelk.’ Those 
shells are perhaps a month old. T 
are usually ten to twelve in a sing) 
and fifty to seventy such pods 
string. Each little shell has an a 
in it. Starting as an egg it becor 
larva, which develops a shell gland 
that forms a shell around the snail.’ 
leave it to you to imagine how n 
conversations with Mother Earth w 
enjoyed before those six sentences ¢ 
be placed in the book of knowledge 

These illustrations suffice to show 
ease and simplicity with which one 1 
commune with nature, but it would 
misleading to leave the impression 
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serious business of modern science 
.onsists in letting Mother Earth lull us 
to sleep with bedtime stories. 
Let us take as a more elaborate ex- 
mple the search for the answer to the 


question, ‘‘ What is light?’’ Please note 


in the first place that a goal has been set 


and that the seratching in the sand is 

longer aimless. The history of this 
quest shows that the thousands of years 
before Al Hazen and Roger Bacon may 
be passed over as worthless. They may 
have been interesting to those delighting 
in pure speculation for its own sake, but 
they got nowhere with the question 
itself, and the by-products of the con- 
templation were indeterminate. Real 
progress began when men began to make 
concrete observations on the behavior of 
light. Then it was found: 

That ordinary sunlight could be broken 
up into beams of different colors in pass- 
ing through a prism and that these 
beams could be recombined to form the 
original light ; 

That light travels more slowly through 
ponderable matter than through free 
space and that the bending of a beam of 
light upon entering a piece of 
definitely related to the velocities of the 
light in air and in glass; 

That light travels in free space with a 
velocity of 186,000 miles per second ; 

That a beam of light can be broken 
into two beams upon entering a clear 
caleite erystal and that a piece of this 
crystal can be so cut that one of these 
beams is shut off completely, while the 
other passes through apparently unob- 
structed ; 


glass 1S 


That the solar spectrum is shot through 
with very definitely placed black lines 
and that these lines coincide with the 
bright lines from certain luminous 
gases: 

That two beams of the same colored 
light can be so combined as to form 
darkness ; 

That light experiences certain influ- 
ences in passing through a magnetic 
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field and that it 
ward the sun in passing it on its Journey 
from a distant star to the earth; 

That 
with 
charge when illuminated by 


seems to gravitate to 


charged 
their 
the proper 


some substances when 


negative electricity lose 


light. Nearly all these experiments 
have since been repeated with radio 
waves. 


The discovery of these facts extends 
over a period of three 
and will be forever associated with such 
illustrious names as Newton, 


hundred years 


Huygens, 
Roemer, Young, Fraunhofer, Faraday, 
Foucault, Maxwell and Hertz. Newton 
and Huygens were contemporaries, both 
were great experimenters and both were 
New- 


observat ions 


great philosophers and logicians. 
ton concluded from his 
that light consisted of discrete particles, 
while Huygens concluded that it was a 
form of The opinion of 
most scientists of the day was that New- 
Newton said so 
Who 
they that they should dispute the great 
Newton? A century later 
Young performed his famous 
ments on interference of two beams of 
light, and the tide of opinion was forced 
to swing around and admit that Huygens 
right after all. It 
healthy scientific state of mind to be so 


wave motion. 
ton was right because 
and he was always right. were 
Thomas 
experi- 


was was an un 
willing to say that things must be so 
They 
forgot that knowledge must come from 
the earth and not from Newton. How 
ever, little by little, the time came when 
all were firmly convinced that Huygens 
right—light 
but undulatory. 
not be otherwise explained. 


because Newton said they were. 


was was not corpuscular 
The experiments could 
Again the 
scientists became intellectually erystal- 
lized and mold. 
Every evidence from conversations with 
Mother Earth light was stoutly 
resisted when it seemed to imply that a 
continuous wave-stream 
not fit the observed facts. 

During the past 


this time in a wave 
about 
theory could 


twenty-five 


years 
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there has been an increasing number of idolatry of science in the mir 
observations in the field of radiation that general public to-day. Ther 
require introducing into the theory’ to be a general willingness 


1 
] + + 


some of the characteristics of the old of the layman to believe tha 


corpuscular or discrete particle concept, modern science says is not 01 ly 
while other phases of the experiments is final. Such a feeling is, 
require the undulatory or wave theory. least, highly unscientific. 

The result is that physicists are now What are some of the by-p 


trying to accommodate themselves to the this long and partially successt 
notion of light being broken up into dis-_ of researches for the answer to 1 
erete packages, where the packages are tion, ‘‘ What is light?’’ It wou 
filled with waves. The undulatory an encyclopedia to record ther 
theory has not been abandoned, but it recital of a few must suflice: w 
has been greatly modified and extended probed into the very heart of t! 
until now it is believed that even the’ we have felt their pulse and tak 
electrons and atoms themselves are un- temperature; we have probed 
dulations, although they are at the same _ scopic bacteria; we have lear 
time corpuscules. At any rate, experi- generate, transmit and receive 
ments performed with the deflection of waves; we have seen the arrival 
electrons and atoms by crystals yield talking moving pictures in co 
results identical in form with those of have achieved the transmission 
light and x-rays. At last, you say, tures over the wires as well as th: 
after three hundred years we have ar- the air. We, like Newton, can 
rived at The answer, spelled with a_ claim to know the full answer, but 
capital T. Not so! We dare not hope’ know a great deal more than he did 
that we have gotten The answer; we have reaped the harvest that h 
have only gotten an answer. We don’t never even have dreamed. 

know enough about light to give the ulti- The process has been a long suce 
mate answer and probably never shall, of carefully planned experiments 
for the evidence to date seems not to attempts to interpret results whic! 
promise that we shall reduce the uni- sometimes as expected and sometin 





verse to a simple formula. The more quite surprising. Many times tl 
experimenters work at the job the more terpretation was false, as proven 
complexities are revealed. further experimental results, and 


Perhaps you feel the picture alto- latest explanation none too lucid 
gether too dismal, and so it is if you in spite of the errors the trials have 1 
have your heart set on the ‘‘ultimate.’’ sulted in enormous advances in our 
It appears that the final answer is not  preciation of nature and in our e 
within our grasp, but that ours is the of the forces for comfort and happi! 


sc 


privilege to keep on speaking to the Professor Ogden Rood, in an inau 
earth and to continue to learn both gural address at Troy University 
simple and complex truths. While 1859, told the following story whicl 


mysticism and certain types of philoso- lustrates beautifully the necessity 
phy may discuss and hope to find the continual experimentation in the fi 
“‘ultimate,’’ natural science seems to of science in spite of what appears | 
have concluded that such a goal is im- be reasonably well-established theor 
possible in the world of events. A wider About the beginning of the last 
understanding of this basic principle tury there arose a great interest in t 
would do much to remove a certain false theory of optics and the developmen 


Pima ew oe 
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optical instruments. The micro- 
ne was still rather erude, but by 1840 


ce 


+he English opticians had increased very 


siderably the available light from the 
‘eet under observation by increasing 
he angle of aperture to 135 degrees. 
Their leading optician, Mr. Ross, an- 
nounced that it was optically impossible 
 inerease the angle beyond 135 degrees 
and that therefore no further important 
improvements could be looked for on the 
microscope. In the year 1846, Dr. Gill- 
man, of New York, who was in possession 
f one of the finest French microscopes 
produced up to that time, was told that 
a back-woodsman from Canastota, a little 
up-state village, was anxious to examine 
this instrument. Dr. Gillman consented, 
and the man came down to see it. He 
looked through it, twisted it, screwed it 
up and down until Dr. Gillman feared 
his sacred microscope would be ruined, 
but the stranger turned around and 
calmly said: ‘‘I ean make a better micro- 
scope than that!’’ ‘‘Really, sir,’’ said 
the doctor in contempt, ‘‘if you can 
make a better instrument than the first 
optician of France, you ought to begin 
at once, for you certainly will make 
your fortune.’’ The doctor repeated 
this story to his friends with great 
relish, until one morning about six 
months later he received a very superior 
instrument from Canastota. This gen- 
tleman had not only produced lens com- 
binations far superior to any known up 
to that time but had also increased the 
angle of aperture from 135 to 178 de- 
grees. The English opticians were all 
upset and much controversy followed. 
Ross, however, had the candor to say he 
was not ashamed that he had been 
beaten, though he was mortified that he 
had been surpassed by a man destitute 
alike of scientific friends and capital. 
This man was Charles A. Spencer, who 
founded the famous lens company which 
now bears his name, located in Buf- 
falo, N. Y. 
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If, then, this procedure is to be ae 
cepted as the key that unlocks the doors 
to knowledge in the realm of natural 
science, is it unreasonable to hope that 


it will yield equally surprising returns 
in the realm of the social sciences and 
religion ? 

Plymouth, Massachusetts, wv 


“ 
4 


remain one of the most fascinating spots 
in the world, the real birthplace of our 
American Republic. That handful of 
stern Puritans was prompted to make 
the daring experiment of establishing on 
this remote and hostile shore a demoe 
racy where they could enjoy their civic 
and religious freedom. They found the 
earrying out of the experiment filled 
with bitter and unexpected sorrows 
How different were the results from the 
anticipations that first winter when they 
saw their little band withering away! 
One can see them sitting before their 
fireplaces after a day of struggle, con 
trasting the world of reality with the 
world of their dreams. jut they were 
brave and continued the experiment 
with its concomitant errors. The errors 
that developed, such as witchcraft, were 
so many and so grave that short-sighted 
present-day ertics would seek to dis- 
count the whole of their endeavors. But 
how do you think the dreams of Elder 
Brewster and Miles Standish compare 
with the reality of to-day? They could 
not possibly have grasped the far-reach- 
ing results in religion and government 
that have flowed from that experiment 
so magnificently conceived and so coura- 
geously carried on. 

As one roams along those little wind- 
ing paths on that first old Burial Hill 
in Plymouth at the head of Leyden 
Street, the thoughts and emotions are 
very mixed. Those stones tell the story 
of great disappointment as well as of 
supreme joy in the launching of the 
profound undertaking. At the gate- 
way to that celebated hill stand two 
churches, one the ‘‘First Trinitarian 
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Congregational Church’’ and the other 
the ‘‘First Unitarian Congregational 
Churech.’’ They stand there because a 
difference of opinion arose which seemed 
too fundamental to allow organic union 
between the groups. It is difficult to 
see just how to apply the experimental 
method to the solution of such questions. 
Perhaps the experiment is one that must 
be prolonged over the centuries of Chris- 
tian theology in order to observe the 
fruits of the two points of view. Such 
experiments in theology, as also in gov- 
ernment, are extremely difficult because 
of the great number of uncontrollable 
variables that enter into the observa- 
tions, and they require an enormous 
amount of patience. But unless experi- 
mental evidence pro and con can be col- 
lected, such questions must be assigned 
either to the realm of pure logie or to 
the realm of ‘‘taste.’’ 

In making this plea for the experi- 
mental method I am not unconscious of 
the many instances where men have 
spoken to the earth with great earnest- 
ness, open-mindedness, intelligence and 
patience and have gone away feeling 
that the learned was far from 
what had been hoped for and almost too 
vague to be stated. Such results are 
known in research laboratories as ‘‘neg- 
ative.’’ They may be of great impor- 
tance at times either in closing off blind 
alleys for other investigators or in sug- 
gesting new avenues of approach. They 
are, in general, however, very disap- 
pointing to the one who launches the 
experiment. 

The now classic illustration of the so- 
ealled ‘‘negative result’’ in the field of 
light was performed in 1886 on the 
Western Reserve campus and is known 
the world over as the Michelson-Morley- 
Miller experiment. This famous ex- 
periment was designed and carried out 
to demonstrate and measure the abso- 
lute velocity of our earth in space. The 
sensitivity of the apparatus seemed ade- 


lesson 
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quate to detect and measure t! 
as called for on Newtonian prin 
but the observations, even if they 
not 
fessor Miller believes they 
were nevertheless not conclusively 
tive and not at all of the presupp 
magnitude. These results lay 
plained for twenty years or more |} 
they became the basis for one 
fundamental postulates in Einst 
theory of relativity. 

Passing again to the field of goy 
ment for an illustration 
results,’’ allow me to present a part 
a recent article in the New 
ning Post, written by William | 
Phelps on Nathan Hale. After t 
briefly the story of Hale’s graduat 
from Yale, his teaching school, enter 
the army, coming with his regiment 
New York, 
needed information for Washingt 
entering the British ranks as a 
being caught and hanged at the ag 
twenty-one, Phelps concludes as fo! 

Whenever I think of Nathan Hale | 
of a line in the poetry of Browning: 


work begun shall ever pause for death.’’ 
a 


unquestionably 
were 


of ‘‘nega 


paradox that success may come out of 


negative, as P 


York E 


attempting to get mu 


has never been more impressively illustrat 


than in the life of Nathan Hale. In} 
preme undertaking he completely failed 

he was led out to execution I do not tl 
mourned chiefly the fact that he had to 
the flower of his youth; or that he had t 
the girl to whom he was engaged. His 
poignant suffering must have come fro 
thought that he was a failure. In the | 
ness of his heart he asked himself: ‘‘ What 
Washington say? He will say he wish 
had sent a better man, a man who might ! 


succeeded.’’ But in spite of his complete 


ure, in spite of the fact that he never drear 


of his fame surviving his ignominious 4d 


he died bravely, with an incomparably 
farewell. 


Now suppose Hale had succeeded; sup] 


he had brought back information that 
have given Washington a great victory; 
pose this had shortened the war; suppos« 
had become a major general; and that 
the war he had become President of the U: 
States and lived to enjoy honorable old ag: 





ede 





and 


clus 
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41] of these successes could not begin to have 
the inspiring effect on humanity that 
from Nathan Hale the failure. 


It has not been my purpose to raise 
vestions that are erying for solution, 
much less to suggest any answers to 
ese questions, but to have laid em- 
phasis once more on the importance of 
frst an intelligent and alert dissatisfac- 
tion (not mere cynicism), with the status 
secondly, a willingness to apply 
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the laboratory method of solution; 
thirdly, a readiness to weigh and accept 
the results of experimentation with an 
open mind letting such results be the 
pointing hand towards further experi- 
mentation. Unless we are willing and 
eager to adopt such a program in s¢l 
ence, government, education and re- 
ligion, we are not only doomed to deea- 
dence but to death. We must approach 
with confidence new problems in social 
relations and character building. 


WHAT CONSOLATION IN THE NEW PHYSICS? 


By Professor FREDERICK S. BREED 


UNIVERSITY OF CHICAGO 


A PARTICULAR outburst of Thomas 
Carlyle has often been extolled. When 
he growled, ‘‘Gad, she’d better,’’ in vig- 
orous comment on Margaret Fuller’s 
famous statement, ‘‘I accept the uni- 
verse,’” he must have aroused a thrill 
of kinship in the heart of many a resig- 
nationist who leans back on the everlast- 
ing arms, puts his faith in the absolute, 


se 


trusts the cosmos, or simply says with 
Mr. Mencken, ‘‘It’s a great show, look 
and laugh.’’ 

Few can be so entertainingly and ex- 
clusively esthetic as the irrepressible Mr. 
Mencken. Our western civilizations to- 
day are irretrievably moralistic. They 
are erected on the theory of the better- 
ment of mankind, the improvement of 
human relations; on the sorely harassed 
theory of social uplift, if you will. Even 
as, In these modern days, humanism 
denies the supernal sanctions of orthodox 
religion and substitutes therefor the 
sanctions of mundane experience, the 
moral problem shows no sign of abate- 
ment or a lapsing life. Religion that 
short-euts the solutions of life’s puzzles 
through superstition tends to vanish 
from the scene, but morals continue on. 


Modern humanism is _ essentially 
amelioristic. It has faith in progress. 


It holds that by dint of human energy 
the fundamental goods of life may be 
enhanced. These goods are the classical 
trio—truth, beauty and morality. They 
are known by their effects—their roots 
by their fruits. Just as truth is a qual- 
ity of a human thought, so morality is 
a quality of a human act. Both qualities 
find the test of their validity in the satis- 
factions of men. Morality becomes then 
a matter of consequences. That plan of 
action is right which mediates in the 
direction of the most satisfactory state 
of experience, or, to put it more objec 
tively, contributes most to man’s adjust- 
ment to reality. 

Humanism is a philosophy of life. All 
philosophies, like all religions, must 
square themselves with the facts of 
They may use stones that the 
scientific builders reject (and there are 
such), but they reject at their peril 
stones that science uses. The philos- 
opher does not live in a world apart; 
he only seems to. Though he fails to 
recall what he got into the bathtub for, 
that is only one of the embarrassing by 
products of his occupation with abstrac- 
tions. Philosophy is general in its out- 
look ; sciences are particular. The fune- 
tion of the philosopher is the integra- 


science. 








tion and interpretation of all knowledge. 
His speciality is ‘‘weltanschauungs.’ 

It is a favorable omen, though not un- 
attended with dangers, when, as in these 
latter days, philosophers are cultivating 
a more intimate with 
science, and scientists are weighing the 
effects of their findings on prevailing 
modes of thought. The cult of the scien- 
tist-philosopher is in the making—a cult 
to which science is more than a vague 
generalization and philosophy more than 
verbal technicalities. Eddington special- 
izes on the nature of nebulous galaxies 
and spherical surfaces of space-time, but 
his lectures do not quail before the 
baffling problems of mental function and 
revealed religion. Millikan and Comp- 
ton spend their days in intimate com- 
munication with electrons, quantum dis- 
charges and cosmic rays, but they step 
out of their scientific réles long enough 
oceasionally to enlighten the cohorts of 
religion and morals on such doctrines as 
libertarianism and divine immanency. 
On the other hand, Russell comes into 
the picture from the side of philosophy. 
He surveys the work of Compton, Milli- 
kan, Heisenberg, Schrodinger and Bohr 
on the internals of the atom, and then 
tells the world that, reduced to lowest 
terms, it is nothing but a series of events. 

Few recent discoveries in physics or 
in any other science have so challenged 
the imagination of thoughtful persons as 
have those regarding the nature of the 
atom. And few conclusions have so 
ruffled the complacency of scientific 
thought as has the principle of inde- 
terminacy. This principle is being in- 
terpreted as undermining the very foun- 
dation of classical physics, the law of 
causality. Friends of religion and 
morals are hailing the new theory with 
undisguised enthusiasm. The world 
now seems to be free from the chains of 
physical causation and man’s spirit given 
wings. Free will comes into its own 
again and something akin to free spirit 
appears to be operating in the innermost 


acquaintance 
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recesses of the atom and so 
heart of the universe. 

An atom no one has yet d 
served. It is an inference. 1 
cist studies the effects of radiat 
from the seen he builds a pictu: 
unseen. The picture is usuall) 

a mechanical model. It portray 
atom after the manner of a p 
system. A proton acts the part 
and electrons are the planets 
simplest atomic system is presun 
a proton with a single electron 
the atom of hydrogen. Atoms 
elements are made by the sim; 
tion of electronic satellites. 

The so-called principle of 
minacy has been stated as follows 
electron may have position or 
have velocity, but it can not in an 
This statement 
innocent enough, but it has led 


sense have both. 


writers to assert that the princip 
volved ranks in importance wit 
principle of relativity. If true, it 
a denial of determinism in the sens 
‘‘the data required for a predi 
the future will include the w 
able elements of the past.’”’ 

Many of those who seem compet 
form judgments betray some hesit 
or reservation in committing then 
to the theory. 


/ 


new view will be able to maintai 
in this rapidly changing regi 


knowledge. Eddington is rather stro. 


inclined to accept it. ‘‘It is a 


quence of the advent of the quant 


theory,’’ he says, ‘‘that physics 
longer pledged to a scheme of 


ministic law. Determinism has dr 


out altogether in the latest formula 


of theoretical physics and it is 


open to doubt whether it will ever 


brought back’’ (1929). As late 
ever, as 1927 Einstein wrote: ‘‘It is 


in the quantum theory that New! 
differential method becomes inadequa' 


There is quite clear 
doubt, and in some intelligent quart 
a considerable doubt, as to whether t 
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ndeed strict causality fails us. 
last word has not yet been said 


spirit of Newton’s method give us 
power to restore unison between 
sieal reality and the profoundest 
1cteristie of Newton’s teaching 


‘t causality.”’ 
Aceording to Bertrand 
amounts to a 


Russell, the 


v theorv eontession ol 


scientific ignorance. That is, it may be 


ection of the inadequacy of measur- 


r devices rather than an utter impos- 


sibility of measurement. Perhaps, as 


Schrédinger seems to suggest, an elec- 
n is not a particle but a phenomenon 
wave interference, in which case there 

may be at one moment position without 


ectable 


without detectable position, and yet all 
it goes on may be explainable in terms 


velocity, at another velocity 


wave mechanics. 
In the light of the above pronounce- 
ents a degree of openmindedness is 
early justified with regard to this new 
theory. It would be well, however, to 
‘onsider briefly the consequences of its 
truth and of its falsity, to reeanvass some 
ispects of an ancient problem, still un- 
solved and perhaps insoluble. 

Rightly or wrongly, determinism has 
filled the ranks of moralists with discon- 
tent. As the physies and 
biology and psychology have tied up the 
world more and completely in 
causal connections, the moralist has per- 
sistently fought for a region apart where 
he could breathe in some measure the 
pure air of freedom. His suffocation has 
been aggravated and his alarm increased 
by the moral bankruptcy of those who 
find no room for ethics in a deterministic 
world. If all activity is naturally 
caused, including human activity, what 
lace remains for moral responsibility ? 
he query goes. And if an agent is not 
responsible for his action, what is the 
meaning of right and wrong? 

In comparison with its alternative, the 
doctrine of determinism has been unduly 
maligned. Asa matter of fact, the point 


sciences of 


more 


T 
I 
+ 
t 


NEW 


PHYSICS 7 
of view < thoug!] il | . ‘ 
dminist n has been gradu wo 

ng for some time s dit 
criminology thes ' : 
ncline to the b { . 
a mi ine d etir rncted 

ol repalr In ¢ 

rancy of young per\ R 

upon their charges r ris 
machines in need ca hanic. Tl 
most vicious criminal } qe 
venomous Sé rpel t w ey . 

in his social contacts () ( s not b 
rate the rattlesnake for his offense Ons 
does not regard him as personally 
sponsible. But his . ne. neve 
theless, as judged by its consequences 
and the foes of wrong re ‘ n natur 
manner to prevent its recurrence Under 
the sway of determinism this poisonous 


ereature may logically | 
may simply be ineareerated, or he m 
be subjected to measures of reform 


Most 


places vengeance as 


+7 


significan iv, however, reform r¢ 
sympathetic insight goes hand in hand 
with remedial treatment according to 
the causal law. 

This view will b 
gree of inconsistency 
that 
violates the logic of determini 
vokes the freedom of the will. Ther 
ymntended, is a dew 


this metho 


urge 


former, it may be ec 


introdu *¢ d 


ex machina surreptitiously 
to make the system operate. This, how 
ever, seems not to be the case. The re 


former is part and parcel 


of eausation in which the eriminal als 


of the syste 


7 


is enmeshed. He reacts as naturally in 


opposition to crime as the offender to 
ward it. He himself is indeed a natur 
force for righteousness. 

The ideal, 
view, last 
for its safety in part on the existence of 


} 


according TO THIS 


+ ] 


analysis to di 


moral 
seems in ‘pend 
atomic-structured brains that react sel 
tively to moral qualities. How explain 


a positive reaction of a human organism 





350 THE SCIENTIFIC MONTHLY 


to right and a negative reaction to 
wrong? How explain the positive reac- 
tion of a lower organism to light and its 
negative reaction to darkness? All or- 
ganic activity, according to the deter- 
minist, regardless of complexity, is an 
expression of natural causation. In 
accordance with natural causation the 
activity pattern may easily be modified 
in higher organisms. By physical and 
social heredity the conservators of the 
moral ideal are known to reproduce their 
kind. Educational institutions and 
other agencies of human welfare are 
recognized means to this end. But there 
is no guarantee that the world is safe 
for morality or democracy or any other 
social end. Evil is as real as righteous- 
ness. The devil incarnate breathes de- 
struction in the midst of things. The 
spirit of noble living sits upon his neck 
and enjoys a triumph for the moment. 
But ultimately, what? One finds the 
determinist’s answer only in terms of a 
courageous faith in the cosmos. In the 
last analysis he, as moralist, is obliged to 
trust the universe. 

The modern program of social uplift 
leans on mechanism. In mechanism it 
not only places its reliance; with mecha- 
nism it also has a comfortable alliance. 
The new principle of indeterminacy, on 
the other hand, subjects this program to 
the merey of caprice. The law of con- 
servation of energy passes with the law 
of causality. The future no more grows 
entirely out of the past. It may now 
grow ex nithilo. The problem of creation 
is solved. Pure novelty leaks into the 
world, and the days of magic and miracle 
have once more returned. 

Insofar as human activity is exempt 
from the reign of causality, insofar is it 
exempt from the scientific technique of 
modification and improvement now in 
vogue. What consolation, then, does the 
principle of indeterminacy offer to 
world-anxious souls? If the cosmos in 
its atomic recesses denies the causal law, 


that kind of cosmos must of 
trusted. In the mass it still 
to act lawfully except for an 
appreciably small. Insofar, h 
it is capricious, an additional 
is introduced into the equati 
The possibility of prediction is 
curtailed, the strain on faith 
spondingly increased, and confi 
cosmic support is inevitably weak 

No one has argued more brilli 
indeterminism nor with less pret 
proof than William James. To 
will was a ‘‘cosmological theory 
ise,’’ just like the absolute 
James anticipated the present 
turviness of scientific theory and 
lation to our problem when | 
quarter of a century ago: ‘‘ But 
may be only approximately uni! 
persons in whom knowledge 
world’s past has bred pessimis 
doubts as to the world’s good cl 
which become certainties if that 
ter be supposed eternally fixed 
naturally welcome free-will as a 
ristic doctrine. It holds up impro\ 
as at least possible ; whereas deter 
assures us that our whole notion 
sibility is born of human ignora! 
that necessity and impossibility | 
them rule the destinies of the 
As truly also, one may say, is ret! 
sion a possibility under indeterm 
for novelty knows no favorites 
chance is marked with supreme ind 
ence. 

The moralist, proceeding on | 
damental presupposition that nat 
improvable, plies her with re 
measures. Changes occur for th: 
Evils are indeed remedied. ls 
achievement his or nature’s? Bb 
course, for man is a part of 1 
With pride have saints regarded 


selves as instruments of God. Wit 


less pride may the moralist bec 
instrument of nature. 
But he is also in some measur: 
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agent. No one suspects that 


ndent 
+ 2 xvgen atom, when assuming polyga- 


1s bonds with two atoms of hydrogen, 
ntirely drawn thereinto by the rest 
The rest of the 

verse may in familiar fashion oppose or 
the union. But if the marriage is 
nsummated, the atoms have themselves 
in part to blame. 
bring about their union, for in the best 


s 


the universe. uni- 


Causality does not 
irrent tradition of science causality 


What does it do, then? 
Similarly, any 


nplles no foree. 
ndeed, it does nothing. 
ther law of nature. The law of gravita- 

does not cause a sparrow’s fall. 
descriptive. 


laws are merely 


7 


atural 


inert as a mathematical 


The law of causality expresses 
of customary sequence among 

nts. B follows A. That is causality. 
Why B instead of C or D? Why any- 
thing at all after A? There is no answer 
in the principle of causality. 


They are as 


} 
rmuia. 


the Lact 


To discover what hydrogen does in the 
presence of oxygen explains in no way 


the doing. The event is simply found 
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by science al d record d } st rem D 
atoms, like the moon, shine from bor 
rowed light? Are they mere unwinding 
clocks? What principle ration J 
requires one to believe that energy is for 
ever borrowed from elsewhere, or from 
some single pervasive sour Why 1 

a myriad sources? The secret of that 
which is observed is hidden away in t 

elements themselves, for aught that 
science teaches. Thus are oxygen a1 

hydrogen said to have certain ways of 
acting, certain modes of behavior. Refer 
to them as bonds, or affini S you ilke 
These are theirs, attributable, so far as 
known, to nothing elsewhere. And, if 
the simplest element conceivable reacts 
independently in the simplest way pos 
sible toward any other element, there is 
freedom of action. Freedom of tion 
is freedom to act It means the oppor 
tunity to act in accordance with one’s 


nature, the 
External determinatio not internal 
means the denial of 

Why, 


minism ? 


opportunity to 


freedon 


then, the che 











RADIO TALKS 


By AUSTIN H. CLARK 


U. S&S. NATIONAL MUSEUM 


THE use of every new medium for the 
diffusion of information necessitates the 
development of a more or less highly 
specialized technique in order that its 
potentialities may be utilized to the 
greatest advantage. The progressive ad- 
vancement of the magazines and later 
of the modern newspapers has now been 
followed by the perfection of the radio 
as a means of imparting information to 
an increasingly large section of the pub- 
lie. 

As a vehicle for the diffusion of in- 
formation, other than news of immediate 
and pressing interest, the radio is still 
largely in the experimental stage, for 
there are as yet no generally recognized 
principles comparable to those govern- 
ing writing for the press to which radio 
talks are made to conform. 

One difficulty in the way of formulat- 
ing and enforcing rules governing radio 
talks, especially talks on academic or 
scientific subjects, is that the personnel 
of the radio stations seldom feel them- 
selves at liberty to speak with the requi- 
site frankness to those who appear at 
the stations, while at the same time the 
speakers themselves know little or noth- 
ing about the inherent peculiarities of 
the radio. 

Another thing is that most talks at 
present are simply individual talks by 
various speakers who reappear at the 
station at irregular intervals—if they 
are invited to reappear at all. Few of 
the more important stations make a 
specialty of talks. So there is no incen- 
tive for studying the subject in the 
thorough and detailed manner in which 
the presentation of news in the press has 
been studied. 

But the possibility of increasing the 
proportion of talks in their programs is 
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now interesting many stations 
addition several organizations 
gaged in planning series of 

through their appeal to the | 
large, shall be of real value t 
tions for which they are given 

The preparation of a radio t 
will meet with general appr 
part of the public, please the stat 
which it is given, and reflect 
the speaker, is no easy task. It 
the cooperation of at least tw 
in addition to that of the censo1 
station from which it is to be d 
It demands strict adherence to a 
of different limiting factors whi 
apply, or at any rate do not ap] 
such foree, to items of similar 
intended for publication. 

In a radio talk the opening par 
must include something sure to 
the listener so much that he or 
continue to listen. For insta 
pose that I am giving a talk 
Cow-bird’’ and I begin, ‘‘Our e 
like most ecuckoos, the honey-gu 
Africa, some weaver-finches, som 
nests, the rice-grackle, and a § 
American duck, and according t 
information one of the paradis 
lays its eggs in the nests of other 
which hatch these eg 
young,’’ the number o 


gs and ra 
f listeners 1 
reduced to the vanishing point 
fore I have reached the end of 
tence. 

In the first place, the title 
Cow-bird’’—is too grimly pros 
means nothing to most people 
second place, the long string of 
unfamiliar names of foreign birds ' 
cause the mind to skid unpleasant 
finally to run off the road entirely 

But if I change the title of the t 
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Babies’’ and begin 


mothers 


‘‘ Abandoned Bird 
Those unfeeling 
ir little babies upon the door-steps of 
rosperous people’s houses have their 


who leave 


interparts among the birds,’’ ete., | 
ll be able to follow it up with a very 
nsiderable amount of information, and 
many people will learn that there are 


of which our common cow-bird is a typi- 
cal example. 

A radio talk must be so written as to 
be an elaboration of the idea conveyed in 

e first paragraph. It must be written 
about a single main idea to which all the 
other ideas expressed are subordinate, or 

* which they are explanatory. A talk 
including several diverse ideas or sets 
of unrelated facts leaves little impres- 
sion, and what impression it does leave is 
always unfavorable. A radio talk must 
be a closely knit unit from beginning to 
nd, and the last paragraph must be in 
every way as interesting and as strong 
as the first so as to stimulate a desire 
for more talks from the same source. 

The composition of a radio talk is 
therefore essentially the same as that of 
a newspaper article. But there is one 
very important difference. While a 
radio talk must be a complete unit from 
beginning to end, and the last paragraph 
must be as strong as the first, a news- 
paper article must be so written that the 
editor, if pressed for space by some un- 
foreseen occurrence, can clip off a series 
of paragraphs up to about half the total 
number without affecting the unity of 
the subject-matter remaining. 

The subject-matter in a radio talk 
must be presented in a more or less con- 
densed form. In a lecture the subject- 
matter must be well diluted, for other- 
wise the audience will tire. In the case 
of a lecture the audience is only partly 
occupied in listening to what is being 
said ; a considerable portion of the atten- 
tion on the part of the listeners is taken 
up in watching the mannerisms and sub- 
consciously appraising the personality of 


] 'T*} 4 + 
the speaker. The audience listening to 
} 1} 4 ‘ 
a radio talk 1s to all intents and pul 


poses blind; the visible mannerisms and 
the personality of the speaker are wholly 
eliminated, and the listeners are entirely 
occupied in hearing what he has to say 


this 1s that quite as m 


The result of 


information can be conveyed in a rad 
talk of fifteen minutes’ duration as in a 
lecture oc upying an 

All radio talks should be written in 
such a fashion that they are suitable for 
subsequent publication as newspaper 
features or magazine articles, and also 
suitable for assembling in th rm of 


books which will 


If a local 


pamphlets or small 

meet with a ready sale 
paper will not consider printing any 
least in a more or 


that talk should 


+ 


given radio talk—a 
less condensed form 
be dropped in the waste-basket and an 
other written. 
In any radio talk t 

matter of the very greatest importance 
The words must be so chosen and so ar 
that t I 


the sentences shall 
smoothly as possible 


1 
} 


he word order is a 


ranged flow as 
Words commonly 
omitted in speaking and often in writing 
that,’’ ‘‘the’’ 
must always be included. In conversa 
tion facial 
missing words, 


particularly ‘‘ and ‘‘and,’’ 


expression supplies 
while in reading ther 
is always time and opportunity for 
serting them. 
no facial expression and 
for thought. 

It is im possible to avoid the occasional 
and un- 


But the loudspeaker has 
} 


allows no t 


use of more or less unusual 


familiar words. Such words should al 


ways be preceded by several 
and preferably short words which 
not be misunderstood in order to throw 
the unfamiliar 

} 


thereby to facilitate their 


words into relie 
sion. 

For instance, if I should begin a sen 
tence ‘‘Paradise-birds are 
New Guinea and a few adjacent island 


. ; 
econnhined t 


where,’”’ 
what I was talking about. 


ete., very few would understan 


if I sali 


sut 
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‘*Those strange birds, of which the males 
are dressed in varied styles of brightly 
colored plumes, known by the name of 
paradise-birds, are to be found only in 
that great island called New Guinea and 
on a few other near-by islands’’ quite a 
number of listeners might possibly be- 
come interested. 

In radio talks the personal touch is 
always of the greatest importance. 
Whenever possible talks should be given 
by some one with a direct personal asso- 
ciation with the subject. 

Historical talks, no matter by whom 
they may have been written, should be 
read by a person related to some one 
directly concerned with the event or 
events described, or to the person whose 
exploits are featured. If published, 
such talks will appear under the name of 
the real author, with a mention in a foot- 
note or elsewhere of the one by whom 
they were read. 

Talks on the natural sciences should 
always be by some one personally fa- 
miliar with the subject, and preferably 
by some one whose name has been con- 
nected with the subject in the news- 
papers. Definite evidence of familiarity 
with the subject should be given in the 
form of personal anecdotes or other- 
wise. 

In introducing the personal touch the 
word ‘‘I’’ should’ be serupulously 
avoided. There is something subtly dis- 
concerting in hearing a loudspeaker 
describe itself as ‘‘I,’’ although no one 
objects to its calling itself ‘‘me.’’ This 
is the reverse of that animistic principle 
through the operation of which, in such 
languages as Russian, masculine nouns 
referring to living beings lack the accu- 
sative case. 

In historical talks all the individuals 
mentioned should be adorned with the 
halos—or the horns and cloven hoofs— 
which the passage of time has conferred 
upon them. All historians know that 
history is strongly tinged with my- 
thology ; but history, on the basis of the 
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actual facts, would never be accepta 
to the great bulk of the public. B 
in the superman is inherent in all o! 
We know that personally we ar 
supermen. But we like to believ: 
our ancestors were, and we like to 
that our 
achieve that status. 
Nothing of a 
should ever be permitted to app: 
any radio talk having anything 
with any form of science. The cou 
swarms with people to whose philoso, 
science in any form is heretical and 
horrent, and whose chief delight is 
seize upon minor 
magnify and grotesquely distort it 
on the basis of the absurd result 
deavor to discredit science, and 
ing in general, in the eyes of all who w 
listen to them. Such people are 
numerous in the very areas where 
radio is exceptionally valuable as a \ 
hicle for general education. 
Especially in the sparsely settled s 
tions of the country the radio ghost is 
factor demanding respectful consider 
tion. In the days of our grandparent 
when ghosts were common it was w 
known that all ghosts were possessed « 
a most unfriendly and often vindict 
nature. With the passing of the flick 
ing candle and the oil lamp 


some of descendants 


controversial! 


some controvers 


and 


coming in of the steady and brilliant 


illumination of the present day, gh 
have disappeared. 

However, the basic psychology t! 
made the ghosts possible we still retair 
No matter how familiar it may be to us 
the disembodied voice from the lou 


speaker is possessed of certain ghostly 
attributes, or rather is capable of acquir- 


ing ghostly attributes. 


The radio ghost 


shows itself at once when gloomy or 


ghastly information issues from the loud 
speaker. When 


heard from a loud- 


speaker information of an unpleasant 


nature is many times as unpleasant 
the same information would have been 
heard from a friend or read in a news 


Ss 














aper. Proper respect for the radio 
host is essential in the preparation of 
r lio talks. We must remember always 
+) make radio talks as interesting, bright 
cheerful as possible in order to 
ercome the ghostly attributes of the 
udspeaker. 
It must be constantly borne in mind 
that the voice from the loudspeaker is 
. a large extent dehumanized and 
ghostly, and every effort must be made 
overcome this effect. A few speakers 
ire able to convey sufficient personality 
the voice to this of 
themselves. But the simplest way to 


overcome it in a series of radio talks is 


overcome 


through 


by the more or less frequent introduc- 
tion of dialogues. 

Dialogues are always popular. Talks 
on distant regions popularly supposed 
to be wild are most effective if they are 
presented as dialogues the 
traveler and a young lady with a voice 
that sounds as if she were very pretty, 


between 


who asks more or less silly questions. In 
order to give the necessary unified effect, 
the entire dialogue should be written by 
one person. Dialogues should never be 
attempted without adequate rehearsal. 
A plain matter-of-fact dialogue is worth- 
But the development of the essen- 
tial ‘‘come to me’’ quality in the femi- 
nine, and the ‘‘here I am’’ quality in 
the masculine, voice requires practice. 

After a talk has been written out to 
the complete satisfaction of the pros- 
pective speaker and of his friends and 
close associates, the easy and pleasant 
part of the work is over. Now comes the 
part which, though absolutely essential 
if the talk is to be a real success, is any- 
thing but agreeable. 

All radio talks before delivery must 
be edited by some one with no knowledge 
of the subject-matter but thoroughly 
familiar with the difficult and highly 
specialized technique of writing for 
popular consumption, who will not be 
afraid to commit the most fearful sort of 
butchery if necessary. 


1@SS, 
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In scientific writing a series of fact 
is presented, and then the conclusions 
drawn from those facts are given In 
radio talk, as in a newspaper article, this 


procedure must be almost completely r 
versed. It becomes almost impossibl 
therefore, for any one trained in sclencs 
to prepare a good radio talk without 
assistance. 

If no trained writer is avai 
plan is to read a prospective radio talk 


to some one with not more than a high- 


and then find out trom 


school educati Z| 
IS The chiel 


him or her what 


has been conveyed—if any 


The chief idea conveyed by a radio 
talk to an average person is often most 
disconcertingly at variance with thé 


‘ 


main point of interest in the opinion of 
the writer. 
process may be, the talk should be r 


Nevertheless, painful as th« 


written along the lines suggested by the 
listener. In addition to 
style of a radio talk and rewriting it in 
good radio American, the editor has cer 
tain other responsibilities 

Everything that can possibly be in 


any forn 


recasting the 


terpreted as advertising in 
must be eliminated from all radio talks 
This includes mention of 
zines, 
kinds, transportation agencies, steamers, 
hotels, institutions supported by private 
Great 


maga 
1] 


books. 


newspapers, merchandise of a 


donations or public funds, ete. 
care must be taken to see that this rule 
is rigidly upheld and inflexibly applied 
to every talk. The unintentional inclu- 
sion of some form of advertising is per 
haps the most frequent sin committed by 
writers of radio talks. 

After the editor has done his part, the 
next thing to be considered is the per 
formance of the speaker before the 
microphone. The announcers will be 
found to have certain very definite ideas 
on this subject. 

All radio talks must be written out in 
full and read from a clean manuscript 
The station should be provided with a 
earbon copy of the manuscript well in 
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advance, so that if something should hap- 
pen to the speaker one of the announcers 
may read it at the appointed time. 

All radio talks must begin and end 
exactly on the second, if the good-will of 
the station is any consideration. It is 
as much of a crime to end a talk a few 
seconds too soon as it is to run over the 
appointed time. 

It is almost needless to say that the 
manuscript must be read _ through 
smoothly without a hitch or break from 
beginning to end, and that every word 
must be distinctly pronounced. But the 
reading must not be mechanical. The 
voice must be conversational in quality, 
and must convey the impression of a 
lively interest in the subject-matter. 
But any oratorical attempts are taboo— 
oratory oozing from the loudspeaker is 
always ridiculous, as many politicians 
have learned. 

If a word be 
omitted, no correction must be made; the 
talk must continue as if nothing had hap- 
On some people the correction 


mispronounced or 


pened. 
of a word or of a phrase make a more 
lasting impression than anything else 
in an otherwise perfect talk. 

Clearing one’s throat or coughing dur- 
ing the delivery of a talk are absolutely 
unforgivable offenses which no excuses 
ean justify. No one addicted to these 
diversions should ever be permitted to 
appear before the microphone. 

By no means every one can give a 
radio talk as it should be given. The 
quality of the voice is of very great 
importance. What is commonly known 
as the New England twang is the vocal 
quality which is best adapted for radio 


speaking. The various overtones and 
the nasal effect, mercifully smoothed 


down by the loud-speaker, seem to pro- 
duce a clarity found in no other type of 
voice. It is rather curious that a bad 
cold sometimes greatly improves a 
speaker’s voice from the radio point of 
view. 

At the radio station the speaker’s atti- 
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tude toward the 
proximate as nearly as possib 
a freshman on probation toy 
president of the university, at 
the talk is over. 

Perhaps the commonest fault 


announcer 


speaking is the too rapid r A 
the manuscript. A talk with a . 
of fourteen minutes and thirty » 
that is, a fifteen minute ta 
consist of not more than tw 
words. a 
The speaker must remember t] : 
few of his hearers are s =~ = 
familiar with his subject to enab —_ 
to follow him if he talks with 
rapidity. Furthermore, two peo} - 
ing face to face always to sor ny 
read each other’s lips and ex - 
which greatly helps in earryi mnort 
rapid conversation. _ ¥ 
Inexperienced speakers—ind: a 


all speakers—should be atte: 
the studio by a friend provid 





a slip of paper bearing the 
’ cas Pal 99: ’ Sp 
**SLOWER’”?’ in large letters w! 
2 . KnOW 
be shown the speaker in case oy 
sity. Very few of those speaking me 
the first time can get through t! ”Y 
without two or three admonitions 
{ "a 


some must be carefully watched o1 
occasion when they face the micr 
Occasionally a new speaker can 
his speed, but develops a pathetic « = 
in his voice. The sight of a larg 
conspicuous pin moving toward 

will usually result in correcti! 
condition. 

In any series of radio talks mu 
pends upon the manner in wil t 
speaker is introduced. The transit 
between the regular announcer at 
station and a speaker from a mus 
any similar organization or est 
ment is so abrupt that it must be i 
way bridged. T, 

The most effective means of bridging ad 
this gap is through the appointment . 
some suitable person whose duty it s! anal 
be to introduce every speaker i: 


izal 
iLSO 


mos 











: 
. 
; 


station’s announcer then 


Ss The 
nly mentions the special 
raiks and introduces the museum’s an- 


~ i 


series of 


uncer. 
The latter, speaking for sixty seconds, 
riefly states in popular language who 
speaker is, and endeavors to explain 

hy the talk is worth hearing. The in- 
tt rest attaching to the talk should be ex- 
ained both in terms of the talk itself, 
1 in terms of the special fitness of 
speaker to discuss that particular 
In other words, it must be an 
effort to ‘‘sell’’ the talk to 
who are all primed to enjoy 
éfteen minutes filled with, to them, de- 


subject. 
effective 

pie 
ightful jazz. 

The speaker, of course, looks over the 
short manuscript which will be read by 
the museum’s announcer in advance in 
der to make sure that the statements 
therein made are correct, and in order to 
readjust his personal feelings to the 
exigencies of the situation. 

Speakers, especially 
known, should always be introduced as 
“Mr or ‘‘ Pro- 
fessor.”’ 

Philosophy, 
Curator of Mammals, 
‘ourse should be mentioned in the intro- 
duction, should follow the name. What- 
ever social or commercial value academic 
titles may have within academic circles, 
vutside of these circles they are more of 
They are as 


when widely 
’? and never as ‘‘ Doctor’”’ 
Academie titles, such as Doctor 

History, 
which of 


Professor of 


ete., 


a liability than an asset. 
distasteful to captains of industry as they 
are to laborers. 

The reason for the popular prejudice 
against these titles in this country (and 
also in England) is To 
most minds they represent an attempt to 
create social distinctions along lines in 
vhich such distinctions are purely arti- 
ficial. 

In academic circles, and in the con- 
eentrie rings about those circles, address- 
ng a man as ‘‘Doctor’’ implies a certain 
respect based upon the 

fieanee of his profound knowledge of 


easy to see. 


academic sig- 
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his particular subject—in her words 
based upon the intra-academic pows 
which he possesses by virtue of that sp 
cial knowledge. In the world at rg 
vutside of academic circles, these titles 
represent nothing in terms of power 
They are therefore wholly meaningless, 
and hence are often regarded as 


ridiculous. 

Beside the writing, editing and pr 
sentation of radio talks, there are other 
things to be considered in connectior 
with them. 

Arrangements may sometime be made 
with local newspapers to illustrate radio 
talks. This has been tried in v: 
places 


_ 
irs, 


during the past seven yea 


chiefly in connection with talks give 


ied = bv newspapers 


Yr) 


from stations ow: 

The pictures illustrating the talk, made 
up into full or half pages, are pub 
lished in the issue of the paper imm 

diately preceding the talk, and th 


listener looks at them while 
progress. 

The preparation of a rea 
talk the expenditure of 


lly good radio 


necessitates 


very considerable amount of time and 
energy. And in addition most authors 
undergo more or less keen mental suf 
fering when they become aware of the 

; fF ¢+thair tor 


utter lack of appreciation of the 
ary abilities, and of ¢ 
their feelings, on the part of the editor 
So it is only fair to the author to se 
that the best possible use is made of 
manuscript after the talk is delivered 

If the radio statior 
talk is delivered happens to be operated 
by a large daily paper, arrang: 
may often be made to print the ta 
full in the first 
livery. This has frequently been don 


msideration for 


from which th: 


ments 
11 . 
ik 1n 


: ci ; 
issue following its 


In other cases a good talk is easily pla 
with some newspaper licate or mag 
zine. 

After the delivery of a talk a numl 


of good clear photographs suital 
reproduction by the half-tone pre 
should be 


ag * 
assembled for illustr 
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The talk can then be offered as a full- the ordeal renders them espe 
page feature article to newspaper syndi- ceptible to flattery. 


cates, or to the larger individual papers, Every radio talk brings in lett 
or sent to certain magazines. telephone calls from enthusiastic 


Generally speaking, a radio talk has’ ers who are quite sincere in th 
no great cash value, though many have of what was said, and in their 
been sold for good prices. On the other tion for the speaker. Other lett 
hand, practically all of them are worthy in from people, chiefly elderly 
of publication in some form or other. In who are conscious of the rad 
not a few cases a talk, as it was read, is lurking in the loudspeaker, 


not easily marketable, but certain indi- listening to a talk relieve their tol 

vidual items in it, if each be provided by writing to the speaker. 

with an appropriate picture, will meet These letters must not be 

with a ready sale. as representing the sentiment ot - 
It is always interesting to trace the  preciable proportion of those w! wi 


history of a radio talk after publication the talk. They are simply evid 

through a clipping bureau. Some talks emotional reaction on the part 

delivered in Washington and subse- few individuals who happen to sp 
quently published in full later reap- wish to appear as having—mu 
peared to the extent of a page or more same interests as the speaker 

in the Literary Digest. Excerpts from sertation on the philosophy 

these and others later came in from daily mander delivered in Greek w 

or weekly papers in India, South Africa, in the receipt of quite a num! 


Australia and New Zealand. In one _ thusiastic letters from people why 
ease an excerpt from a radio talk that to be considered as understand § 
was read in Washington appeared two it was all about. Letters and 1 al 
years later as a news item in one of the calls are pleasant to receive, | p 
Washington newspapers under a Syd- mean little or nothing. 
ney, New South Wales, date line. Much as lepidopterous moths st +, 
The publication of a radio talk sue- to secure a place as near a lig! I 
cessfully overcomes that feeling of sible do human moths endeavor 1 t] 
vacuous insufficiency which many expe- trude themselves into the light V 
rience after their first encounter with publicity afforded by the radio. Just a 


the microphone. It also serves, in prac- soon as it becomes generally ki 


tically every case, to reestablish amicable a series of radio talks is in prey 
relations between the speaker and the pressure for place in the series 
editor. In any well-planned series of sorts of unexpected quarters w 
radio talks the reading of the manuscript to manifest itself. 


should be regarded simply as the begin- This pressure for place arises 

ning of extensive publicity for the in- three sources—first, propagan: 

eluded subject-matter. egotists of all descriptions, grad 
The effect on a new speaker of a fifteen second, cranks, still more diy 


minutes’ monologue before the grimly and third, politicians, usually 1 
unresponsive microphone in a sound- less closely allied with the propag 
proof chamber where people slink about Politicians as a rule are quite reas 
like so many nurses in an operating room and cause no trouble. Conversat 
is always interesting to observe. The them, of course, must be entir 
feeling of elation experienced by many the line of a possible loss of 


’ 


after somewhat unexpectedly surviving Cranks are also easy to deal w 














this ease the usual procedure is to refer 
em to the manager of the station who, 
or chap, is very frequently called upon 
deal with such people. While it may 
seem unkind to send the cranks to the 
nanager of the station, you will find that 
the manager himself has been responsible 


y 


‘ 


for the appearance of some, at least, of 

: propagandists in your office. In this 
The direc- 
radio 


avy the account is balanced. 


r of any successful series of 
talks must possess the ability to deny 
people 
way as permanently to discourage them 
without ineurring their active hostility. 

There is another phase of this subject 
which is of vital importance. Volunteer 


and many im- 


a place in his series in such a 


speakers on all possible 
subjects appear more or less 
Many 
these are recommended to the man- 


p ssi ble 


frequently at all radio stations. 


agers of the stations by influential people 
the fit- 
of the supplicant the 
subject on which he professes to be an 


with no krowledge whatever of 
+ 
} 


ness LO discuss 


anthority, and are exceedingly 


persistent. 


many 


Every large university, or other insti- 
should be 


7 
' 


tution of learning or culture, 
in close touch, at least informally, wit 
the more important radio stations in its 
vicinity, and should at all times be ready 
and willing either to supply competent 
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| 


speakers if requested by t stations, 

to pass upon the fitness of any sp 

if asked to do so by t stat 

agers Lack of th proper cooperat 
between the radio tions and 
universities, museums and similar orgar 
izations has in the past resulted 
occasional appe prog S 
of talks that reflected no credit o1 

one. 

From what has b said above it 
evident that successful radio speaking 
an accomplishment that ir es 
ous mixture of the al 
modern newspaper style and 1 1 
to address the n 
enthusiasm and charm of a popu 
after-dinner speaker mbined tl 
submissive humility often conspicuously 
lacking in outs g orators and 
writers 

Furthermore, it us : 
cooperation of several d 
viduals and ager Ss ¥ mus c 
cordially together for tl mi! 

The development « 
first-class speakers and the organization 
of the necessary assista for 
now under way in various sections of t 
country, and at the present rat 
not be long before the radio becomes as 
powerful a factor in our social system as 


are the newspapers to-day 











SCIENCE SERVICE RADIO TALKS 


PRESENTED OVER THE COLUMBIA BROADCASTING SYSTEM 


THE WISDOM OF LIVING THINGS 


By Professor EDWIN G. CONKLIN 


PRINCETON UNIVERSITY 


Ex-PRESWENT COOLIDGE is said to have 

used as a motto this rhyme: 
A wise old owl sat on an oak, 
The more he saw the less he spoke, 
The less he spoke the more he heard 
Why can’t we be like that wise bird? 

Fables in all ages have attributed to 
various animals wisdom, cunning, inge- 
nuity, patience, deceit, fidelity. Such 
fables have an element of truth in them 
or they would not appeal to us. At 
least we can say that many animals 
behave as if they had these qualities. 
In a notable book, entitled ‘‘The Wis- 
dom of the Body,’’ Professor Cannon 
has recently emphasized the remarkable 
capacity of the human body to do the 
right thing at the right time. But all 
living things, plants as well as animals, 
do useful things and meét emergencies, 
often in ways that conscious wisdom can 


not excel. Even the simplest and 
smallest animals and plants avoid 
enemies, repair injuries, neutralize 


poisons, meet depressions, resist death 
and manage to leave offspring in the 
most ingenious and complicated ways. 
Even the microscopic cells of our own 
bodies meet emergencies in ways that 
seem intelligent and purposive. If you 
are practicing sun-baths you probably 
know how painful sunburn can be, and 
yet in a short time your skin becomes 
brown and does not burn, because the 
microscopic cells of the skin form pig- 
ment which protects them. Plants often 
protect themselves from salt spray or 
desert dryness by growing a thicker 
epidermis, just as friction or many chem- 
icals cause our skin to thicken and be- 
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come calloused, thus protecting 
deeper lying parts. 

Warm-blooded animals have ext: 
dinary ability to preserve a w 
body temperature. In hot weath 
skin or mouth glands pour out 
which by evaporation cool the b 
it is too cold, shivering and mus 
activity increase the internal temp 
ture. In winter horses grow a thi 
coat of hair, bears curl up in som 
tected spot in their winter sleep, a1 
their internal temperature approa 
the danger point, they wake up, exer 
and even seek food to increase their 1 
perature. Bees exposed to cold weat 
gather into a dormant cluster in 
hive, keeping one another warm 
those at the surface get too cold 
become active and burrow into the 1 
dle of the cluster; if the temperatur 
the center of the cluster falls to 
57° F. they all wake up, raise their t 
perature by muscular work, take in { 
and then go to sleep again. 

All animals and plants have mor 
less ability to repair injuries. Mar 
plants can be cut up into fragments 
each piece will retain the power of | 
ducing a whole plant. Many worms 
grow new heads or bodies when thes« 
eut off; salamanders and lizards 


grow new tails or legs, and all living 


things have the power of healing 
wounds, which is by no means a sim 
matter. 

Even more remarkable is the capa 
of many animals for neutralizing | 
sons. If minimal doses of serpent ven 
are injected into animals they form 
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tivenin which neutralizes the poison, 
a peculiar antivenin is formed for 
kind of venom. Thus guinea-pigs 
tive to South America may be made 
immune to the venom of cobras from 
though never before in all their 





st history have they had any contact 


P : 
In a similar manner, 


with each other. 
bacterial poisons of disease germs are 
neutralized by the formation of differ- 
ent kinds of antibodies or antidotes. 
The violent toxin formed by diphtheria 
germs is counteracted by an antitoxin 
formed in the body of the victim of the 
disease. The same is true of the poisons 
formed by many other disease germs, 
each peculiar poison leading to the for- 
mation of its own peculiar antibody. In 
this way man and animals acquire im- 
munity to many diseases, if only the 
poison does not act too quickly to permit 
its antidote to be formed. Artificial 
yrotection may be had by using the anti 
xins formed in the bodies of other ani- 
mals, but no chemist has ever yet been 
able to synthesize these chemical sub- 


T 
i 
+ 
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stances in his laboratory. 

Consider further the chemical and 
physical processes of digestion, assimila- 
tion, respiration, excretion; of enzymes, 
vitamins and hormones which have such 
profound effects on health, growth and 
development. How have lowly plants 
and animals learned the secrets of such 
subtle chemical and physical processes 
that intelligent man has only just now 
come to the place where he can appre- 
ciate the great importance of these, but 
in most cases can not yet artificially 
duplicate them ? 

Most of 
wisdom on the part of living things are 
in the nature of useful responses to con- 
tingencies which may or may not arise. 
They oceur only in response to a present 
need; they are individually acquired 
fitnesses. 

Another large class of fitnesses are in- 
herited. They develop not to meet a 
present need but for future use. For 


these cases of unconscious 
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example, think of the fitness of the ey 
for seeing and of the ear 
although in higher animals both ar 
developed in the absence of light and 
sound. Consider the fitness of the ner 
vous system for receiving and transmit 
ting stimuli; of the organs of digestion 
circulation, respiration, excretion for 
their particular functions; the fitness of 
muscles for movement, of the skeleton 
for support, of the various glands for 


forming necessary secretions 


and hundreds of other adaptations aré 
inherited in anticipation future us 


although they may later be perf: 
use. Other inherited structures fit ani 
mals and plants for some 
place in nature, such as the fitness of 
fish for life in water 
of moles for burrowing Man ha 
recently conquered the air, but maz Vv in 
sects, reptiles and birds did this millions 
of years before man appeared, and the 
are even now teaching us skill and effi 
ciency in flying. 

Some of the most extraordinary fit 
nesses are found in the interrelations of 
organisms with one another. All the 
principal methods of offense and de 
fense known to man have been in use 
by animals for many millions of years 
Animal armor, horns, tusks, swords and 
arrows; armored ships and land tanks; 
tear gas, ** playing 
*possum,”’ 
invented that is entirely new in prin 


camouflage and 
indicate how little man has 


ciple, and the failures as well as the sue 
cesses of these animal expt riments in 
offense and defense should be of valu 
to the human race at this particular 
time. 

Flowers flaunt 
their odors and secrete their nectars 
not to please themselves or man but 


their colors, spread 


attract insects that carry pollen from 
flower to flower, and thus bring about 


cross-fertilization. The 


sex attraction, ranging all the way from 
cells to psychology, are among the n t 
marvelous of all fitnesses. Consider the 
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remarkable structures and functions of 
the sex cells, their chromosomes and the 
methods of their division, segregation 
and recombination, upon which all the 
phenomena of heredity depend. Could 
the wisdom of man have invented any- 
thing more perfect or wonderful? 
Finally, the infernal ingenuity of 
many parasites in holding up, entering, 
robbing and torturing their victims 
could not be excelled by human gang- 
Think of the 
transported 
high- 


sters or mythical devils. 
malaria that is 
from victim to victim by the 
powered mosquito, of the many trans- 
formations that it undergoes to enable 
it to get from the stomach of the mos- 
quito to the salivary glands, where it 
lies in wait for the chance to get through 
the skin and into the blood of the victim 
that the poor mosquito bites. Hundreds 
of other similar cases of devilish inge- 
nuity may shake our confidence in the 
universal beneficence, but not in the 
apparent wisdom of living things. 

This bare recital of certain classes of 
organic fitnesses or adaptations gives no 
adequate account of the extraordinary 
extent and delicacy of such adjustments. 
Indeed, all life is, as Herbert Spencer 
said, continual adjustment of internal to 
external conditions. Of course plants 
and animals and human beings some- 
times make mistakes; they are not 
always wise, but on the whole if they 
are given sufficient time they find the 
right answer to all their problems, or 
they cease to exist. 


parasite 


II 
How have such fitnesses been pro- 
duced? This is the greatest problem of 
life and evolution. Formerly it was 


generally believed that each and all of 
them were caused by supernatural de- 
sign. But the fact that one design con- 
flicts with another, that the fitness of a 
parasite is matched by a counteracting 
fitness of its victim would rather indi- 
cate that both devilish and angelic de- 
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Furt 


the innumerable ways in whic! 


signers were concerned. 
and animals meet emergencies 
seem to be no more supernatur 
our own behavior under similar 
stances. Few, if any, 
maintain the supernatural ec 
either of adaptations or of speci 
Another type of explanation 
favored 
philosophers is that all 
have some form of unconscious \ 
telligence or wisdom that 
to do the right thing at the right 
But such an explanation does n 
plain the cause. It proposes 
that is as inexplicable as tl 
itself; it substitutes a god wit 
mechanism for one outside it. It 
be true in whole or in part, but 
the problem only by shifting 
other field which is much more « 
of scientific examination. 
Finally there is the solution pr 
by Charles Darwin, namely, the 
tion of the unfit and the surviva 
fit. If all organisms vary in r 
fitness and if those that are less fit 
eliminated, while the more fit s 
there will be a continual drive 
fitness. There is no doubt that 
true and that this elimination 
unfit is much more extensive in 
cells and embryos, which we do not s 
than in adults. This simple princip 
Darwinism or natural selection does e) 
plain, as nothing else does, inherit 
adaptations of all kinds, thoug 
course, it does not explain the origi 
the useful variations which are sel: 
But classical Darwinism does 1 
plain individually acquired adaptat 
where useful responses are made by a: 
mals and plants to conditions and crises 
which they never experienced befor 
such as acquired immunity to man) 
strange poisons and venoms, regener 
tion of the lens of the eye of a newt alter 
its extirpation, though this particular in- 
jury never could have occurred 


scientists 


by some scientists and 
living 


Caus 
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nature and the many other beneficial sponses always have as their beginning 
Plants responses which organisms make to con- a more or less rapid elimination of un 
ditions which neither they nor their an- satisfactory ones. Human intellige 
estors ever experienced before. In such and purpose are the highest type of 
ses there is no elimination of unfit in- adaptation, and therefore all adapta 
dividuals; the same animal or plant con-_ tions appear to us intelligent and pur 
, tinues to survive and gradually acquires _posive. 
the ability to make the useful response. Here, then, is a mechanism for 
In many cases we know that this is done _ plaining the biological wisdom of plants 
by a process of trial and error and and animals and mar But this s 
Ug finally trial and success. In short, all tion of the problem is not complete, for 
sorts of things are tried and, if they do it is based upon the unexplained fact 
not meet the situation, they are elimi- that all living things are differentia 
nated until finally something is tried sensitive, that is, they have the abil 


that succeeds. This is an extension of distinguish between satisfactory 


the elimination of the unfit from persons _ satisfactory conditions and can avoid the 


to reactions and it does offer a formal latter and select the former This 
explanation of all kinds of fitness, capacity of distinguishing between the 
whether inherited or acquired. satisfactory and the unsatisfactory, tl 
Even intelligence and purpose in ani- useful and the useless, must be regarded 
mals and man are explicable in the same as a fundamental property f living 
way. Inthe development of behavior all things, which can not at present be re 
kinds of actions and ideas are sorted by duced to simpler terms. Thus we er 
trial and error. Those that fail to give dow life at the start w 
satisfaction are eliminated; those that properties which we seek to explain 
succeed are retained. Whether it be namely, the capacity to distinguish and 
eats learning to open a box, or man _ select, which are the beginnings of wis 
learning to solve problems, useful re- dom in all living things 


— PUBLIC HEALTH PROGRESS 


By H. S. CUMMING, M.D., D.Sc. 


SURGEON -GENERAL, U. S. PUBLIC HEALTH §& 


WirHIN the memory of many of us_ different classes of society. We | 


our race has passed through an epoch- eaten largely of the fruit of the 
making period, unequaled in the an- of knowledge. And into this great 
nals of history. In its beginning little period came the world war and 

: more was known of the cause, mode of immediate aftermath, the destru 

‘ spread and means of prevention of dis- old landmarks in politics, in f 

‘ ease than in the early days of history. parently in all things that wer 
Synthetic chemistry was unborn. In The fever of war was apparently 

: applied physics the electric light and diverted into other fields of activity 


telephone were curiosities. In transpor- The war itself had brought about tl 
tation the first electric train was used. recognition of the nec ssity of group 
In sociology there was but the first awak- action in production, transportation and 
ening of the public consciousness of the health, no less than in military move 
duty and necessity of community effort ments; and, indeed, there was for the 
: and of the close interdependence of the first time a consciousness of the di pen 
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dence of military success upon concerted 
action by the civilian population. Large 
sums of money and large powers were 
given for the purpose of improving the 
health and welfare of non-combatants. 

Largely as the result of this increased 
consciousness of the importance of the 
public health movement having been 
awakened in the mass of our population, 
there has been a constantly broadening 
interest in the whole field. Not only has 
this been true among those elements in- 
terested in the humanitarian side, but, 
perhaps more important, industry and 
finance have been made aware of the vital 
significance of mental and physical well- 
being, not only to the individual but also 
to themselves and to the government. 
Leaders in industry and finance have 
had brought to them the enormous divi- 
dends from true research by competent 
personnel. During the same period, 
many countries have had an unprece- 
dented era of prosperity for the masses 
and the accumulation of great fortunes 
by individuals and corporations. 

As a result of recent discoveries in the 
sciences in their application to public 
health, and no less as a consequence of 
the realization of the interdependence of 
individuals and even of nations, that 
‘*none of us liveth to himself, and no 
man dieth to himself,’’ that the strength 
of a people depends upon the moral, 
mental and physical health of its indi- 
viduals, there has come a realization that 
the public health is influenced by envi- 
ronment, heredity, industry, economics, 
morality, education. The insanitary 
dwelling, the malaria stream, the dis- 
eased or idiot parent, the hazards of dust 
life, knowledge of diseases and how to 
or poisons, the living wage, temperate 
avoid them, all come within the sphere 
of the present public health movement. 

Nor is there justification for the arti- 
ficial division of medical science into pre- 
ventive and curative medicine. The ob- 
jeet of public health work is to prevent 


illness and pain and premature 

The interests of the people as rep; 
sented by government are equally 
fected by helpless individuals, w 
made so by heart disease, rheum 
general paralysis of the insane, 
smallpox, plague or infantile paral) 
The research worker in the laborat 
the health officer in the field, and 
surgeon or physician at the bedsid 

all directly or indirectly, conscious): 
unconsciously, public servants working 
for the public good. The ideal for w 
we aim is the application of every : 
able means for the prevention of dis 
or injury and the provision of suit 
treatment for all sick or injured. 
problem is how this ideal may be 
tained with the greatest good to the 
mon weal. The solution is not 
found by mathematical formulae, 
ecumenical council ; it will differ in s 
phases in different states and cities 
deed, in each community. 

The history of the control of ty; 
fever which has been accomplished in 
United States within the past 30 or 
years is a splendid example of the efi 
of public health work. This contr 
typhoid fever was accomplished by) 
cooperation of all the health agencies 
the country—federal, state and lo 
Typhoid fever, which formerly took 
annual toll of more than 35 of eac! 
100,000 persons in the population of 1 
United States, is now responsible for t! 
death of about 5 persons per 100,0) 
each year. 

Diphtheria is one of the communica! 
diseases of which we know the cause and 
mode of transmission and for which w: 
now possess a specific preventive, 
toxoid or toxin-antitoxin mixture, an 
curative agent of great potency, the anti 
toxin. We also have a reliable test 
called the Schick test, which indicates 
whether or not a given individual is 
susceptible to the disease. The deat! 
rate from diphtheria has responded 
quickly to the medical discoveries of th 


ia 








CAO ty reek 








} 


<t few years. The use of diphtheria 
titoxin gradually increased from 1894 


Libs 


} 


+, 1905. In the 5 years from 1906 to 
1910 the diphtheria death rate in the 
registration cities was 24 per cent. less 
than the rate for the 5 years from 1901 

1905. In 28 American 

ich the rates have been computed, the 

line has been from about 116 per 
100.000 in 1890 to per 100,000 in 
1930. This extraordinary achievement 
in public health will probably stimulate 
ympaigns for the better control of other 


cities for 


5.5 


mumunicable diseases. 
Studies within the past 
which incidentally were made by officers 
the Public Health 
shown that pellagra is a disease caused 
improper diet and that the preven- 


few years, 


serv ice, hav e 


n and cure of the disease lie in the 
well-balanced diet. The 
the species o! 


hookworm as the cause of a wide-spread 


; - ‘ 
Ing Ul a 


identification of human 
anemia has resulted in a notable diminu- 
tion of the preys of this disease. 

Fifty years ago tuberculosis caused 
about 320 


100,000 p ypulation. 


deaths annually in every 
l'o-day tuberculosis 
fourth of this num- 
rr of deaths per 100,000. While the 


reduction of the death rate from tuber- 


auses less than one 


‘ulosis has been undoubtedly due in part 
to natural causes, it is probable that 
much of the reduction has been the re- 
sult of public health activities. Among 
the specific measures that have contrib- 
uted to this result are improved and 
more accurate methods of diagnosis, th: 
pasteurization of milk, the abolition of 
t and other 
utensils used in common, the inspection 
{ meat products and improved housing. 

Recent studies have developed a serum 
which is believed to be of considerable 
value in the treatment of scarlet fever. 
A test called the Dick test—named for 
the doctor who devised it—is useful for 
determining whether a given individual 
is susceptible to scarlet fever. It is be- 
lieved by public health officers that this 


he common drinking cup 
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test will be I mate! \ 
trol of scarlet fever 

The first whol 
unit was established 1 


in Yakima County, Washingt 
in 1911. 


counties in the United States 1 193 


States 


were provided with local health serv 
under whole-time officers. During 

past 15 years the Public Health Servi 
has undertaken a program of 


tive demonstrations in rural health w 


from which have come many sanit 
and economic profits to the communit 
and an impetus for the development 


whole-time county health servi 


It is the consensus of opinion of ] 
lic health workers that the most im] 
tant developments of the future re 
to public health he in the gr 
strengthening ol! al heait dep 
ments or local ulti units W S 
functions are not only to bring abou 


improvements through education, Gem 


onstration and enforcement 

health requirements, but also to insu! 
their maintenance as With t 
development of the local health u 
whose personnel devote full time t 
duties, it becomes possible almost 
mediately to eXpand the Work 
general public health program, so t 
the activities are not niined to sani 
ion alone but also include the contr 
of the acute communicable diseas 
tuberculosis work, venereal disease p1 
vention, malaria control, school hygier 
infant and maternity hygiene, and 
special activities that are required b 
the conditions in the particu 

served by the lo \ depat 
This plan of work has proved uniform 
successful, and public health aut 
generally are in accord with the opin 


that the extension of efficient whole-tim 
service throughout the United Stat 
affords the best 
method yet devised for 
men, women and children of this coun 
try the benefits of public health knov 


and most etltective 


bringing to tl! 


edge and its potential application. 











WILL THERE BE AN AGE OF SOCIAL 


INVENTION? 


By ARLAND D. WEEKS 


DEAN OF THE SCHOOL OF EDUCATION, 

Two hundred years ago the question 
might have been asked if there was a 
future for mechanical invention; then 
probably no one saw a great field ahead 
for new mechanisms. At one time, even, 
in the history of the United States patent 
office its director proposed its closing on 
the ground that all the inventions pos- 
sible had been made. But the field for 
mechanical invention proved wide, and 
for that matter probably is still bound- 
less. Edison took out over 1,300 patents, 
which means that he saw at least over 
1,300 mechanical situations that might 
be improved. The field of mechanical 
invention has been and will remain wide, 
for imagination plus irritability goes far. 
Searcely a physical situation exists any- 
where that is not a challenge to inge- 
nuity for improvement. As people be- 
come discriminating, the number of 
mechanical situations that get on their 
nerves increases. The response is—bet- 
ter cars, better heating, better highways, 
better elevators, better footwear, better 
typewriters. 

Just as there has been a field for 
mechanical invention, so is there a field 
for social invention? Just as invention 
flowed out of perception of mechanical 
deficiency, so will invention flow from 
perception of deficiency in social rela- 
tions? Just as a mechanical way was 
invented by which the farmer escaped 
the discomfort of cutting grain by hand, 
so, for example, will a social way be in- 
vented to dispose of the operation of 
ears by drunken drivers? Just as a way 
has been found for keeping the physical 
bodies of flies from getting into our soup, 
so some day shall a social invention, 
analogous to a fly screen, protect us from 
**drives’’? No end of social invention, 
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perhaps, once the attitude of attack 
long-suffered nuisances and unpleas 
time-honored ways is avowed. 

But in contrast with social invent 
mechanical invention has achieved p: 
tige. People who clung to antiquat 
social concepts loosened up in fay 
say, fly screens. The astonishing ass 
tiveness of the early steam engine s 
how captivated the crude senses of 
times and won for Watt a hearing t 
Mrs. Sanger has not yet secured. Mar 
mechanical inventions, 
mills, tractors and wrist watches, 
psychologically been toys for adults 
as such have had an entrée denied 
Clarence Darrow in Tennessee. Ev 
tually the public was won over to 
idea of mechanical progress, having 
formed entirely of its throwing of 
Roger Bacons into prison or of guffaw 
crudely at its Fords and Langleys. R 
sistance to mechanical improvements 
such has reached the vanishing p 
The descendants of a stock that foug 
the use of umbrellas as impious 
resisted the use of steel plows as pois 
ous to the soil now stand in line to 
the new models of sixes and eights, a! 
tell the hardware clerk where this t 
and that device might be improved. 

The mechanical progress concept 
**sold’’ relatively early to the gen 
public. The ‘‘talking point’’ in mec! 
ical contrivances is now that of a 
feature; while the ‘‘talking point’’ o! 


such as Will 


social relation is that of an old featur 


Actual social invention is miles beh 
mechanical advance. 

With social invention miles in the r 
what chance is there that it will e\ 
eatch up? 


May we look for two ce! 
turies of social invention as striking a 



























es 


SEO to eke ae. nme 








the mechanical progress of the two cen- 
turies next last past? Are we reaching 
a stage where we shall no longer, as has 
been done within living memory, throw 
into jail persons of socially inventive 
type? Shall we soon cease to line the 
fences, after a manner of speaking, to 
roar and simianize over the faults of new 
mechanisms of the social grain field and 
highway? Shall we soon see the day 
when the social inventor is not hurried 
towards the Siberia of disgraced jobless- 
ness, or breathless from flight from the 
eyardians of free speech in our cities? 
In fine, shall we soon reach the state of 
tolerance for social invention that was 
reached for mechanical invention as the 
industrial revolution proceeded ? 

Some there may be who would deny 
the possibility that in number and utility 
social inventions can ever parallel the 
mechanical inventions of the past two 
centuries. With any such I would dis- 
agree. I believe that for every one of the 
great mechanical inventions there is the 
possibility of an equally ingenious and 
great social invention, and that for every 
one of Mr. 1.300 inventions 
there is possible an invention of the 
social type for the betterment of social 
relations and affairs. Bear in mind that 
social invention is still penalized, and 
that to cultivate a sense of 
rather than to submit in patience is still 
unorthodox and revolutionary. With 
the shackles off social invention there 
would be no good reason to suppose that 
inventiveness would be less fertile for 
social progress than mechanical inven- 
tion has been for mechanical advance. 
We have never yet hit our stride in 
social invention; never fulfilled the con- 
ditions, which are: a cultivated percep- 
tion of undesirable conditions—a prob- 
lem consciousness—and a_ sanctioned 
attack by logical imagination. 

A writer’ gives this list of some of the 
great inventions of the industrial revolu- 
tion : 


Edison’s 


conquest 


1 Stuart Chase, in ‘‘Men and Machines.’’ 
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Reverberatory furnace 

Galvanic battery 

Paper-making machine 

Screw propeller 

First commercially suc 
cessful steamboat 

Stethoscope 

Milling-machine 

Water turbine 

Electromagnet 

Locomotive perfected 

Dynamo 

Reaper 

Electric telegraph 

Revolver 

Electric motor 

Electrotype 

Photography 

Steam hammer 

Turret-lathe 

Sewing machine 

Rotary press 

Electric locomotive 

Machine gun 

Bessemer steel 

Dynamite 

Electric steel furnace 


obi 


Kodak 

Trolley car 

Recording adding q 
( ne 

Motior picture " 
ch née 

By-product coke oven 

X rays 


Radioactivity 
Wirels ss te 


(high frequency 


legraphy 


Airplane 

Diesel engine 

High-speed steel 

Airship 

Tungsten filament 
hight 


Television 


Good wine needs no bush, and these 
great inventions 
They with a host of others have made 


need no broadeast 
over the mechanical aspects of human 
existence. They are part of the record 
of human affairs. 
essentially duplicated by 
tions of the future? 
Social invention will affect laws, regu 
lations, 
distribution of 
facilities, education, mental hygiene, eco 


Can any such list be 


social inven 


constitutions, government, the 


wealth, administrative 
nomics, finance, penology, employment, 
international relations, courts. It will 
develop better techniques and connote 
vastly more intelligent operations on the 
social plane. 

To state coming social inventions were 
to invent out of hand. Not much more 
ean be attempted than to point to social 
disharmonies which in the nature of 
things should inspire the social inventor ; 
and as to discover need is the beginning 
of invention it must be that none of us 
to-day can be capable even of indicating 
adequately the range of the objectives 
that will engage the energies of the Edi- 


sons of social invention of the future. 
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The spell of custom is so strong that we 
but faintly perceive the rectifications 
that might be made. We little dream of 
the gamut of laudable change possible in 
human relations. To-day we are in 
social outlook like the child born with a 
visual defect who assumes that distorted 
vision is normal. Thus there are those 
who say that war is inevitable because 
of the nature of human nature, and who 
in saying this are like those who knew 
that a boat could not be made to buck 
the current of the Hudson. In fact, the 
whole outlook toward social change and 
betterment strongly resembles the stodgy 
defiance of mechanical science centuries 
ago. Hence we know little of what lies 
in the sphere of social invention. But 
even with the low visibility of the field 
it is possible to point out a few objec- 
tives of social inventions which should 
compare not insignificantly with the 
major inventions of the industrial revo- 
lution. 

Below are given some catchwords of 
social invention, these terms serving 
merely to focus attention on aspects of 
eurrent affairs from which ingenuity 
might make a running start with pros- 
pect of superseding older practice, intro- 
ducing refinements of design, or of 
projecting the larger engines and lever- 
ages of social reconstitution. The terms 
given will mean much or little according 
to the imagination of the reader. Thus, 
rotation of occupation might be con- 
ceived as alternating the réles of seden- 
tary bookkeeper and of traveling sales- 
man month by month, or of scheduling 
rotations that would involve recurrent 
geographical change on the part of whole 
sections of population. The term is 
given, bare, and its connotation, reader, 
is left to you. 

Over against, then, the mechanical in- 
ventions of the galvanic battery, paper- 
making machine, screw propeller, stetho- 
scope, steam hammer, Diesel engine, et 
cetera, are social inventions relative to: 


Tax system 

Jury trial 

Wearing apparel 
League of nations 
Traveling libraries 
Accident prevention 
Capitalistic system 
Medicine 

Graft 

Legal service 


Weights and measures 


Value of the dollar 
War 
Minorities 


International language 


Distribution of wealt) 

Noise 

Health 

Motivation of produc 
tion 

Disarmament 

Idle time 

Worry 

Personal insulation 

Duplication 

Advertising 

Tariff 

Cities 

Wild life 

Jobs 

Discovery of law 
breakers 

Regulation of produ 
tion to need 





Fundament 
Law s 
New wan 
Internati 
Alumni 
Crime prev 
Poverty 
Political 
Racial a 
Court pro 
The work 
Investment 
Waste of 
Overcrowd 
sions 
The ‘‘ fun: 
Rackets 
Simple life 
Pedestriar 
Liquor con 
Form of g 
Red tape 
Automatic r 
Judgment t 
ers 
Education 
Rumor da 
sterilizer 
Conservatis 
Rotation of 
Travel 
Community 
and us« 
History 


Moral code 


Along with inventions of w 
above tangential terms are but 
suggestive, there should be a s 
vention to prevent interference \ 
work of social invention, interfe: 
which the uninformed may ar 
bedevil the man of original mu 
mechanical invention we have 
a stage where it would simply 
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smash the shop of a man worki! 
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J re Tak ip bv a series of s nal 
meetines at w h a total of over 200 
papers were delivered [The seetions 


may be enumerated as follows: General 
Genetics 2, Cytology 3. Animal Crenetics 


1, Human Genetics 1. Method of Teel 

nique 1, Genetics and Phytopathology 1, 
Plant Geneties 1, Chromosome Structure 
and Crossing-over 1, Genetics of Species 
Hybrids 1, Drosophila 1, Problems relat 
ing to Sex and Fertility 1, Geneties and 


Pat ry l. Kk ruit and Vegetable Breed 


The last named section was held at 
e New 
York Agricultural Experiment Station 


At this session a full day’s program was 


; 


Geneva under the auspices of tl 


offered The address of welcome was 
delivered by Director U. P. Hedrick 
The station offered a dinner and enter 
tainment for the visiting delegates 

The program of the congress Was so 


arral ved as 


» allow opportunity for in 
formal meetings in the evening of groups 
with a common interest Meetings to 
discuss sire valuation, corn genetics, 
mouse genetics, human heredity, poultry 
linkage and gene problems were held 
During the week there were two plen 
ary sessions of the congress. At the first 
of these, three committees were ap 
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THE TROCADERO 


ROL ¢ BAS OF I 
The spirits of enterprise and of mutual science, and the e) ! 
veneration for the overworld are quick trical applications During 
ened by the associated mental effort occupied by tl € SeSSIONS, Seve! 


At the Jubilee Congress, about 240 were ordinarily at work simu 


papers wer presented, already printed in t| e same building 


in French, from representatives of some In 1881, at the date of the M 
thirty nations. They had been received Congress, the applications of 

in several languages; but those not were virtually limited to elect: 
written in French were-translated into on metal, telegraphy by wir 

that language by the secretariat The lighting. Wire telephony was 1 
discussions were likewise offered in sey in an incipient stage, and inca 
eral languages; but were all finally col electric lighting had just comm: 
lected in French for the proceedings. It a small but very promising sca 
is expected that these proceedings, com- great American inventor, Edis 


prising both papers and discussions, will produced his first successful 


be distributed before the end of this cent lamp in 1879, by indomital 


year, in complete sets of fourteen or age and persistence. He was ex 





fifteen volumes, containing, in the aggre- a group of them at the Paris Ex] 
vate, about eight thousand pages of text. of 1881, together with what was 
Since the papers ranged in topic from time a very large Edison dynan 
the quintessence of modern electrical generator. The electric switel 
theory to perfections of technological familiar in most households, 1 
detail, these sets of proceedings will con- trolling all sorts of domestic app 
stitute an electrical milestone for the was then rarely seen, except in si 
first third of this century, of great theo- laboratories and in telegrap! 
retical, practical and historical interest. Electric traction, electric motor d 


The work of the congress was divided x-rays and radio-communiecatio1 
into thirteen sections. Of these, three exist: so that many more app 
or four dealt with basie electromagnetic had to be dealt with at the jub 
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THE DENVER MEETING OF THE AMERICAN CHEMICAL SOCIETY 


E eighty-fourth national meeting of from at least one fo nt ( 
American Chemical Socic tv was held being represente¢ Or. P. N. \ 
Denver, Colorado, from August 21 to Shanghai. Ther tot rT 
rust 26 It was very well attended fticially regist 

chemists and their families fron a surprisi 


i ry part of the United States and the distance of D 
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The general arrangement 


pro 
gram was approximately 


followed in the society with 
the council meeting on Monday morning, 
a general program with papers from the 
various divisions on Monday afternoon, 
and the sixteen divisional meetings then 


beginning on Tuesday morning. 





In the deliberations of the co 


topic which was most discuss 
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ported percentagt 
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American Chemical Society 
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nine This proved b niqu flouris Denve 
east two ways. The first these miber mp? SS 
Ss the presentation of a jeweled Amer! n charge and 
Chemical Society mbler and quantit f s 
silver tea service to Dr. Charles R 
Parsons, in recognition of his twet d ot] 0 . 
‘ars of faithful and invaluabl varded te 
to the society as its executive ated, by rl 
tary The other variation was ! ) T s( 
l entertainment which followed ! ! 
! In addition to the customar A ¥ ( 
ng, one half of the banquet roon r? 
had been curtained off during th: pl eraphed 
r, was found to be a replica of on: 1.250 n s 
famous gambling halls vhiel ded bD 
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\ MOLECULAR MODEI 


Chis This motor cavaleade of som 
OO ears then wound its way throug! 


Denver’s scenie mountain parks, a dis 


] 


tance of sixty miles, arriving In Golden, 


(‘olorado. about five o’clock There Mr 
\dolph Coors, Jr., head of the Coors 
Porcelain Company, entertained most 
rovally in the form of a garden party 
on the spacious lawn surrounding his 
home A fine dinner was served, after 
which the guests were allowed to choose 
among various types of entertainment 
ranging from visiting the company’s 
porcelain factory, brewery or malted 
milk plant, to dancing, bridge or simply 
visiting with friends while listening to 
a splendid string orchestra. In addition 
to all this, each guest was presented 
with a souvenir in the form of a porce 
lain smoking set, embossed in gold with 
the society emblem. 

To turn our attention now to the more 
serious side of the meeting, we find a 
total of nearly 300 papers presented in 
the various divisions. While it is per 
haps difficult to pick out any one or two 
as the outstanding papers, taken as a 
whole the results of a vast amount of 
worth-while research were reported. 


Space permits the discussion of only i 


very few of these papers. 


I) the general 


papers arousing 
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B These various factors 1 


ing solubilit'es in aleohol, by 


‘ast partially separated by 


tial adsorption by fullers’ eart 
other metheds Due to thi 
types or: experimental animals 
is not certain yet that all the 
ported are distinct entities, | 
pears certain that there are 1 
the B and G (or B, and B 
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other interesting studies of thi 
various vitamins, as well as 
metals, in nutrition were rep 
might be mentioned in passing 
C. G. King reported the iso 
Vitamin C in crystalline stat 
identification as one of th 
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by the belt In the present 1,500,000 20) feet hieh ans strnet ; 
volt generator each sphere 1s charged Variation of the cist 
with 750,000 volts As an electric pres The operaton f ft appa 
sure ol 1,000,000 volts is reached, sparks Within one of the spheres | 
fly from the brass terminals well as the sphet be 
The importance of this type of new sey, ral million volts, but sin 
vrenerator 1s indicated by the fac that entirely surrounded bv } 
the highest potentials itherto i] le E 
tl hig potentia hitherto availabl mendous charee w ave 
for researches have been less than him 
HOO OOO volts In only a Tew labora Dr val De Graaff’s dix 
tories in the world is a direct current pected to extend 
ot more than 300,000 volts obtainabl: ee - ‘ 
seare Ihe STICUCPSS ] i \ 
In every Cast The apparatus produemneg his evenerator o} ' aro - 
ue oTrenth Is IS exTre ely ‘ ePTIS]V¢é 
such pote , xtremel xpensive, make possible the projection 
elaborate and heavy. whil Dr. van De 
9 . ‘ : and posit ve ons \\ 
(;raafl s device costs but a Tew hundred 
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: - It1e@S MUONS of mi mS 
ating 1,500,000 volts was built for ninety ' 
: Than eal dt Dt ner tro. 
dollars In he apparatus at Round . ne 
1] “17 . ictive soure his wou 
Hill the terminal spheres will be 15 feet ee, 
. . ' fective too l nds 
in diameter, and it is hoped that this 
_ makine DOSSILDI¢ further st 
apparatus will de velop at least 10.000.000 i 
transmutation of f ments 
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